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PREFACE 



Th^ development, documentation, aiid field presentation of this 
course jas performed under.a contract with the office of Policy Develop-, 
inent anf Kesearch of the U.S. Department of Housing and Urban Develop- 
ment ,(Hk>)— "Contract for the Development, Field Testing, and Documen- 
tation jjS Management Methods for Emergency Services for Local Agencies." , 
This cohtract and earlier, contijacts between HUD and The°New York City- 
Rand Institute involved york with city agencies/designed to improve 
, the deploymertt of . their emergency service units. Prior to beginning 
, sucli work, a training course was.of.ten presented to agency and city 
officials,' and tb loca/ analysts. 

i This manual provides lecture notes, visual aids, and references 
fori 3uch a course, to be used by students whose instructor is teach- 
ing from the companion volume: 

'R-1,784/1-HUD, jA Training Course in Deployment of Emeygengy :. 
Serviaes: InLtruotop's Manual. ' . 

This student's manual is not designed for self-directed study. The 
comjianiom instructor's manual is more suitable for this purpose. 
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INTRODUCTION 



This student's manual provides lecture notes and visual aids ior 
a course in deployment of emergency services. It is not self-contained 
but Is designed for uise in accordance with, the directions of the In- 
structor. The instructor will not present Ml the lectures in this 
volume as there are pairs of lectures (identified by the 'same first 
initial) that eover the same topics from different perspectives . ' Space 
is provided on each page for any notes or references that the student 
may wish to record. " 
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GENERAL NOTES AND ASSIGNMRNTfi 
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LBCtUBE OF^" 



INTRODUCTION' AND OVERVIEW 
F^OR J^IRE SERVICE AUDIENCES ' 



Time: Approx. 40 minutes ^ ^ - i — i 

Objective: To provide an over^view of the fire service problems that: will .be 
discussed in the. course, and to provide an introduction to ' 
systems analysis. ^ v < 



Activity 



References and Notes 



INTRODUCTION 

f Explain nature of course, audience, and 
objectives . 

• ' Describe schedule far entire course 



DEFINItriON OF "DEPLOYMENT ANALYSTS" 
• \ Strategic issues . 

— How inaiiy cqnm^les on duty ' 

may vaff^dj)' time of day or season 
• How divided among ^bregions of city ' 

— • Where stations are located ' ' 

— Nature of vehicles (engines, ladders, 
foam units, etc*); manning ^ 

~- Manpower scheduling ^ 



Tactical issues 

— (Not fireground. tactics) 

— Number and types of coml)anies dispatched 
to an alarm < ^ 

tiay vary with time of day, location 
of alarm, current- sitftiation, 
v^ailable information 

— Which un^bs to dispatch 

— Relocation (movfe-up) ^ * 



^. • ^hen needed 
• , how many companiea^moVe' 
. • which ones move 




Activltyl 
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3. STEPS IN "SYSTEMS ANALYSIS" 

(A' systematic approactv^ to sojLvlng problem^) 

, • Identify the probiem . , " 

• Select; objectives . *> ^ 

• Define criteria to be used to evaluate 
alternative policies 

.< ' ' 

• Design alternative policies 

• Select models to be used *' 
. • Collect required data ' 

• Cbmpare alternative^ using criteria 

• (Return to an earlier stQp) 
l^est Out and implement final choice 



4. 



.PROBLEMS 



• This course wllL deal ''with the ; strategic 

and tacticsil issues of deployment analysis./ 



OBJEjCTIVES 

May be several. Sc&e ^f the m!6st common are 



: "If 



Improve fdre protection levels with same - 
resources ..'•Si^^'^'*' 

Maintain fire protection levels .with lesg 
r^bour ces 

Decrease workload \jhile malniTalnlng fire 
protection levels ^ ; 



References and Notes 



f ix 
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Activltiy 




6. ^ RELEVANT CRITBliU (PERFOBMAN^E, MEASURES) 
(Used to tell if one .policy " la' better than 
another policy) 

• Time until dispatch of coiapanies 

• . Turnout time 



Travel ^tirao 



~ Can be average or maximum or something 
else . ' ^ 

— To flrst-apriving company, 

max (first engine, first ladde'iO, ^ . 
^ max (all cpmpahles needed), 
;or other wei^surtas;, of ^trayol time. 

S^tiip time 



• * 

The above four constitute '''response time." 
Usually must pay. attention to^the largest one. ' 
* Deployment, analysis •focuses on changes that can 
affect travel time. ' o 

• CQvelage measures • 

• Workload balance. 

Insurance grading standards? [ 

• Cost 

Why not UveCs lost, propertylost? 

J. 

• Hard to meas,ure 

• , Needs research to be able to estimate 

changes (relationship not known 
precjLsely enough) 

• We, use Suitable surrogate measures 



\ 



_Rcf er^ces 



and Notes 



Activity^ 



7. ALTERNATIVE POLICIES 

•* Include base case (for comparison) 

• Tako political and economic factors into 
account (including community and labor union 
concerns) - * " 

• Alternatives may bo suggested by fire y 
department or city personnel » or may come 

^ from mathematical models 

8. MODELS 

Purpose To introduce terminology! not to 
• illustrate any particular models 

• Definition: ^abstraction of reality*^ ^Used 
to gain insight into and answer questions 
al>out the real world* .Easier » safer / and, 
less costly tg use than manipulating real 
world. . • ' 

• Empirical models 

~ Fit to ^data 

. • May have no explanation 

• • May be mathematically complicated 

— Examples * 
/ • f Smooth fit to alarm rate by time 

^ of day ^ , f 

% . How long to travel a giVen dj^stance 



V. 



Chance^ that an alarm at a particu- 
lar location is serious. 



iRefirtences and Notas 



OF-5 I 
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Activity 


References and Notes 


• 8. 


MODELS (continued) 




i 

> 




Descriptive analytical models 

• ■ . . 
• Ustag simplified assumptions, some kind 
of mathematical foraula Is derived to 
permit estimating some performance — ^ 
characteristic (s) 


j / 
• 






^- The numbers that go into such a model 
may come from emolrical modelfl 


> 




1 


— Examples 

• . Knowing number of engines and 
' ladders on duty, estimate average 
responiae distance 

Knowing where fires are and how 
many units dispatched, estimate 
number of responses for each unlli 
(workload) 


% 




1 


• • If fire station is moved, what 
' happens to response time 




- 


Optimization models (prescriptive) 






• 


— Tell how to achieve the most or the 
least of some thins 








— Examples 

. . What is the least number of engine 
stations needed so that each loca- 
tion is within 3/4 mile Of a 
station? 




( 




. . How should 17 stations be located 
so as to minimize average response 
time? 

* ' 
What is. the smallest number of 
engines needed to relocate on a 
second al^arm (if specified coverage 
is to be achieved)? 




/ 


m 


• 
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Activity 


jcvejcercmovD anu nucQB 


8." MODELS (continued) ^ 

♦ 


\ 




Simulation models ^ ^ 






— Imitate operations step by /step 


/ 




— Collect all kinds of statistics 






Can be extremely accurate 






— Doesn't tell you what to do 






— Things you try will be suggested bx other 
models • ^ ' / 






— Likely not to be useful until close to 
the end of analysis; but have to start 
early to collect data 


• 


9. TECHNICAL ASS4STS TO DEPLOYMEirr 




• 


Computer-assisted dispatch^ 




• 

• 


Digital communication with fire units 

— Status 

— Inspection information 

— Location jat f^re, hydrants, etc. 

— Screen or printer 




• 


Packaged systems for collecting, 8umn^a^|.2lnj^, 
Or projecting alarm rate information 
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Fig. OF -3 — The role of a descriptive model in deployment 
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LECTURE RF 
RULES gF THtSiB 



FOR FIRE SERVICE AUDIENCES 



Time:' Approx. 50 minutes ' 

Objective: To provide somie easy to learn, easy to apply formulas and rules 
used in deployment analysis. 



-Activity 



References and Notes 



1. AVERAGE NUMBER OF COMPANIES BUSY y 

(AV. NUMBERX /AV. NUMBER 0F\. 
OF ALARMS | x I COMPANY-HOURS J 
PER HOUR / \ PER ALARII / 



Example 

4 alarms per hour (all types) 
* • 30 minutes aveirage time out-of-servlce 
" 1.2 engines^' per alarm, average 

4 X (0,5 X 1.2) « 2.4 -engines bu^^n 

average 

• ' AVERAGE NUMBER OF COMPANIES AVAILABLE 
•» TOTAL NUMBER OF COMPANIES 
- (AVERAGE NUMBER BUSY) > 

2. /average TRAVEL DISTANCeV _ ' 

\ In a xeglon / ~ / 



(CONSTANT) xV 



AREA OF/REGION 



NO. COMPANIES AVAILABLE 



Introduce notion of square ro'ot simply, 
via 3'' » 9 Mid therefore - 3 



1), • I 
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Activity 



Referfimifes and Notes 



2. AVERAGE TRAVEL DISTAIIGE ^Qon.tlnued) 

, • Give simple geographical demonstration 
showing why the rule-of thumb is true 



Base case 

Double all dimensions: arqa quadruples, 
average travel distance doubles (i.e., 
goes up by square root of. area) 

~ Repeat region 4 times: same area as 
in 5^-2 with quadruple the companies, 
average travel distance is only halved 
(i.e., goes down as the square robt of 
the number of companies) 

« — Halve all dimensions in RF-3: same area 
as RF-1 with quadruple the^ companies,, 
average travel distance is halved (shows 
. how har4 it is ^to decrease travel times 
by adding companrf.es; to halve travel 
times must quadruple the number of ' 
companies) 

Number of companies available changes from 
time to time. If the average ntimber avail- 
able in a region is not too small, the 
average travel distance can be e&timated by ' 
replacing *^N0. COMPANIES AVAILABLE" with 
"AV. NO. COMPANIES AVAILABLE." 

Note that thl,s relationship assumes companies 
are spread out ih region: Two compani^ in 
one chouse reduce by one the effective number 
of companies available (for trave^l distance 
purposes) 

ft 

This Is an example of an analytical modfel 
that has been verified ggaiijst dat-a* 



lii^s 




Activity \ ' ' ' 


• References and .Notes ' 


3. RELATIONSHIP OF TRAVEL TIME TO TRAVEL DISTANCE ' 


- - u ^ 




iravel time is an important cjrlterion for 
evaluating deployment policies; it is 
clearly related /to travel distance, but 
how 

* 




• 


This is an example of an ejnpirical modei 




• 


Show usual shape of curve — square root 
.blending into a straight line 






Discuss underlying model of acceleration 

to cru'ise speed and then deceleration f 

(no equations) . " 




• 


Emphasize that if you extend the straight 
line to<|the axis* it looks as*" if turnout 
time is included, but that^s not what's 
happening 



} 



.Activity 



Ref etences' and Notes 



4. ALARMS DO NOT OCCUR AT ORDERLY, PREDICTABLE 
TIMES, AND SERVICE TIMES DO 1?0T ALWAYS EQUAL 
THE AVERAGE : * 

(If they dld^ deployment andlyals would be easy) 

. Purpose ; T6 Introduce probabilistic notions, 
and sugglast that mathematical models 
"understand" that sometimes the ^ ^ 
situation can be much worse than 
average 



If avenge number of alarms Is 2 per ''-hour 
at a certain time of da/ (such as Friday, 
4-6 p.m.) , then 



14% of such hours will have no alarms 

27% of such hours will have 1 alarm 

27% of such hours will have 2 alarms 

18% of such hours will have 3 alarms 

9% of such hours will have 4 alarms 

5% of such hours will have 5 or more 
alarms 

Discuss what "k% of hours" means 



2 alarms (the average) Is not even 
likely to occur than 1 alarm 



There are Influences other than random 
that can make some Friday nights espe- 
cladLly busy or quiet 

— Weather (e.g., brush fires) 

-1- Holiday (e.g., July 4) ^ 




24' 





Average travel distance = D 
Area = A 

Number of units = N (3) 



^ Fig. 



•r 



SIS: 



,.1 
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•Average t^b'Jel dlst,anc\B = 1/2 D " . 
Area = A ' 



t 1 



Number of. units = 4N '(12')^ . • 



FIs- RF-4 



LEdTURJ? OP * • 

. • . * . INTRODUCTION AND OVERVJiEW 

.* FDR POLIQE SERVICE -AUDIENCES • 

Time: Approx, 40 minutes , * ^ * * 

lObJectlvel To provide- overview of 'the police patroX- resource allocation 
problems that t^ill be discussed ,in the course, and to provide an 
introduction to systems analysis 



• 

AcEivity 


References and Notes 


a. INTRODUCTION ^' . 

'If 




Ejqplain nature of course, audience, * 
objectives *% ^ ' 

• Describe schedule For entire course 


• 




' 2. DEFINITION OF "PATROL" . 


t 


• Uniformed officers in mobile vehicles who 
can respond to calls fx)r service ^* 
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Activity 



ReferencQfl and Mobes 



3. DEFINITION OF "ALLOCATION" 

• How many mart on duty 

~ Varies by day and time of day , 

• Mode of patrol J 

One'-man cars 
/ -^r ,Two-maiOi cars , , 

~ Scooters 

• Hd^ many units In each geographical comm'and 

• Design of patrol beats for each unit * 



Pr'lorltlea attached to different types of 
calls (screening) 

When calls a're queued (stacked^ backlogged) 

Number of units dispatched 

~' Varies with location and type of callsr 

Which units dispatched 

~ Type 

-r Closest unit-? 

— Beat cfl^r? 

— Across command boundaries? 
Redeployment as unavailabilities occur 
Manpower scheduling 

Scheduling of "other" unavailabilities 



OP-3 
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Actlvlty 



References and Notes 



4. 



STEPS IN "SYSTEMS ANALYSIS" • 

(A systematic approach to solving problems) 

Identify the problem " ^ . 

Select objectives 

Define criteria to be used to evaluate * 
alternative policies 

Design alternative policies 

Select models to be used 

Collect /required data 

Compare alternatives using criteria 

(Return to an earlier step) 

Test out and Implement final choice 

PROBLEMS 

r 

• This course will deal with the problems 
associated with the allocation of P9ride 
patrol resources 



OBJECTIVES ^ 
May be several. Some of the most common are: 

• Improve police protection levels with same 

^ resources , . 

• * 

• Maintain police protection levels with less 
resources * 

• Improve the balance of workload among patrol 
units 

' - 4 ■ 
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Activity 



References and Notes 



7. CRITERIA (PERFORMANCE MEASURES) 

Length of time caller must wait until unit 
Is dispatched ^ 

Travel time to scene 

Dispatches out of assigned a^ea 

Balance of workload among units 

r 

Time avall&ble for other activities 

— Preventive patrol 
Meals 

— - Patrol-initiated Investigation 
— • Traffic *v 

Maintenance of vehicle 

— Interaction with citizens 



Cost 

Why not crime deterrence » apprehension of 
criminal offenders* recovery of stolen 
property » community sense of sectirity? 

— Hard to measure 

»' 

~ Relationship to allocation not known 
precisely enough 

— We use proxy measures ^ 

— Administrators can^ tell what changes 
in performance measures (up or down) 
axt desirable, even if they don\t know 
the exact benefit 



8. ALTERNATIvii^ POLICIES 

• Include existing policy (for comparison) 

• Take political and economic factors into 
account (including community and labor 
union concerns) 1 , 

* • -> 

• Alternatives may be suggested by police 
department or city personnel, or may come 
fi^om mathematical' models 



MODELS 

Purposes To introduce terminology, riot to 
; ' illustrate "any particular models 

• ' Definition; abstraction of reality. Used 

to gain insight into, and answer questions 
about, the real world. Easier, safer, and 
- less costly to usb than manipulating real 
world > * . 

• Empirical models 

— Fit to data ' 

.. May have no explanation 

• . May be mathematically complicated 

' — Examples 

1. Smooth fit to call rate by time of 
day 

^ How long to travel a given distance 



Relationship between fraction, of 
time cars are unavailable and 
number of calls for seirvice 



Descriptive analytical models 

~ Using simplified assumptions,' some kind 
of mathematical formula is derived to 
permit estimating some performance 
characteristic (s) 

— The numbers that go into such a model 
may come from empirical models . * 

— Examples 

Itaowing ijumber^pjE units on duty,, 
estimate average travel time to an 
Incident 

Kn9wing number of unita^on duty, 
^ " estimate fraction of serious emer- 
gencies encountering a delay before 
dispatch * . 

• • Knowinig^the patrol area of each unitj 
and location of incidents, estimate 
workload and fraction of out-of- 
district dispatches for each unit 



7, 
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• Activity 



9. MODELS (continued) ' 

Optimisation models (prescriptive) 

— Tell how to achieve' the most or the 
least of something ' ' « ? 

' Examples . 

' ..How should sectors be designed to 
■ ' minimize average |:ravel time to 
r \ Incidents? ^ « 

• • How shbuld. a fixed total nuxnbef 
of man-hours be distributed among 
* tours so as to minimize 'the * 
,\ . chances that a calldr will have to 
wait before dispatch of a pat;,rol 
car?. 

V" • - • ^ , . 

• • Simulation models 

~ Imitate* patrol operations step by step 

Collect all klnds^ of statistics 
' — Can be extremely accurate v ' 

-r- ' Don't tell you what to do , v 

— Things you try will be suggested by 
other models 

%. ^ 

" Likely not to be t]isef ul until cl^se to 
the /end of analysis; buk have to start 
ear^y to collect data ^ 



^ References and Notes ■ 
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LECTURE RP 



RULES OF THUMB * 
FOR POLICE SERVICE AUDIENCES 



Time: Approx. 80 minutes 

• . " . J^ • 

Objective: To provide some easy to learn i easy to apply formulas and rules 
used dn pblice patrdl resource allocation analysis 



Activity 



Ref erencesf and Notfe 



AVERAGE NUMBER OF UNITS BUSY HANDLING CALLS 
FOR SERVICE 

' . . ' •■ ^ ■ 
'/AVERAGE NUMB£r\ / AVERAGE \ 



OF ICALLS ) X (UNIT-HOURS) 
PEH HOUU; / . \ PER -CALL / 



Give, an examp]|e . , 

2 calls per ^ptir, average 
1 car handles' *each 
• Average lengt^fj; of time, to handle call,^ 
30 minutes \ * ^ 

On the average^ 1 car is busy 

If 2-carB on d^ty, each is busy ^ the time 

If 4 cars on dijty, each is busfy ^ the time 

Number of units 6t^ duty must at least equal 
average number- busy 



Activity 



Refer eiyces and Notes 



2. EMERGENCIES DO NOT ^OC CUR At ORDERLY, PREDICTABLE 
• TIMES, Ajro SERVICE TIMES ARE NOT THE SAME FOR* 
ALL CALLS 

(If they did, the analysis would be easy) 
^ • Example: 

— Calls occur on the hour and half-hour. 
Every call takes exactly 30 minutes 

1 car can handle-:^ — nobody waits 

— but car is always .fcusy 

If 2 cdrs — nobody waits ^ 

— each car i Si free half the time 
— always oneu. car on patrol 



— But, when average number of calls is 
2 per hour 

14% of hours have no calls 

^'27Z of hours have 1 call 

27% of hours 'have 2 calls 

18% of hours have 3 calls a 

9% of hours have 4 calls 

4% of hours have 5 calls 

1% of hours have 6 or more calls 

Considering the usual spread of service 
times around' 30 minutes 

^ With 1 car on duty, every caller waits 

With 2 cars on duty, 
1/3 of callers wait 
1/3 of time no car is on patrol 
Average wait until a car can be dis- 
patched is 10 minutes (incl. no- 
wait) 

17% of callers wait more' than 20 min- 
utes 

Conclusion : Number of units on duty must be 
considerably more than average number bu^y 



Activity 



References an3 Notes 



3, A MINIMAL STANDARD FOR 4J)EQUATE BERFOR^IANCE IS: 
1 NO MORE THAN. 15% OF IMPORTANT CALLS ARE QUEUED 

■9 Many departments don't ^achieve this 

(especially durinjg peak/hours) ^ 

^ • a A goal set fay some departments is*: *No mbre 
than 5% of important calls are queued y( 

• A f6w departments routinely ha'O^e less than\ 
1% of important calls quetied " \ 

• ^ Impossible to guarantee that no calls will 
- be queued . . 



CARS ARE UNAVAILABLE FOR DISPATCH FOR REASONS 
OTHER THAN RESPONSE TO PREVIOUS CALLS 

• What are these activities? 
Meals, personal 

Patrol- initiated crime or vehicle check 
Notifications, warrants 
Process^,arrestee 
.Supervision'- field 
Supeirvlsion - station 
Waiting. 

Travel to assigned bi^at 
Transport (something) 
Assigned to fixed location 
Maintenance, auto 




Ordinarily, at least 30 percent of each 
unit's time spent on such unavailabilities 

In San Fernando Valley area of Los Angeles, 
average unavailabilities vary among divi-- 
sions from 44% to 62% of total time on duty. 
In one New York precinct, 58 percent 

-> A 

I 

For queuing purposes, effective nuiriber of 
units on duty may be less than half the 
number assigned 



■ \ 



Activity ; 


References and Notes 


' / ■ 

5, NUMBER OF UNITS NEEDED TO MEET DESIRED LEVEL OF ^ 
QUEUING DOES NOT INCREASE PROPORTIONATELY WITH 
. NUMBER OF CALLS ^ 

• - ,■ \ \ ' ■'' 7^ \ ' . 

• ' Example: j 


.A 


A command with 2 calls pet' tjtour needs 
7 units. This is not twice the number 
needed in a command with .1 call per hour 
(namely, 5 units) 




6. AVERAGE NUMBER OF l^INUTES , BETWEEN PASSINGS OF 
A RMDOM POINT BY UNIT ON PATROL ^ 

r NUMBER OF STREET MILES TIN BEAT 
^ ^ FRACTION OF TIME AVAILABLE 




• Nqbody has proved from data that prevent^e 
patrol deters crime a 




• Mention Kansas City Proactl.ve-Reactive 
• Patrol Experiment 

'1 





> 




7.' AVEfiAGE TRAVEL TIME ^ 2 min 



• Example: 



r 



AREA (in sq miles)' 

no; units avail. 



Area of command is 6 square miles 
_ 5 patrol cars on duty 

Each available 60% of time . 

Average travel time ^ 2 min /6/3 ^ 2.83 min 

• Why this is a general. principle 

• Total response time = v. 

^ r ' (dispatching delay) • 
+ (queuing delay) ' * ^ 
+ (travel time) * Sv^ 



Reducing response time increases probability 
of apprehending offender at, theoscen||, but 
the effect is important only if very short 
response times can be achieved * 

, • ■/ ' V . / 

Reducing travel time can help tox reduce 
response time ^into the useful range if 
queuing delays are short. It"-makes no 
sense to reduce travel times when^sJIqueuing 
delays' are long ' . 



y 
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Activity. 



8. WHAT CAN YOU DO WITH PRIORITIES? 



♦ If queUe fiorms^, dispatch free unit to oldest 
^ priority call \, / 

^- Average delay the same. . ^ 

— belay fco^^lg^priority calls Is less/ 

'. * ■ . • ' ■ ■ ' . 

• Ho^d ,one or two units In reserve for high- 
priority calls 



Regular beat car 
" Special unit 
— Averltge delay Is mor^ 




Screen out low-prloyrlty calls when busy 
"Adaptive (ilspatch policy" 



Schedule low-pr^orlty c^ls for handling 
at a more convenient time 



.'WOmOADJ 

9. ^WHAT'S WRONG WITH i HAZARD / FOKMULA? 

• Des qrlpt Ion "^f Hazard Formula 
' " ^ j^^ .factor ^ ^ ^ 

— Examples : \ ^ . ^ ^ ' 

' ' Number of outside violent crimes 

, Number of other Part I crimes 

/ Number of street miles " 

^ Numbfer of arrests 

Number of cqimmerclal establishments 

I Number of emergency call^ 



f = amount of factor j-ln command 1 
Ij • > i ^ A 



■hy'- %t h^'- '-■ '■ h^ 



— -w. « "Importance" of factor j 

J- * 



M F 



— H «*w -^(H=^ w -i^ + ... + 

i ^1 i ^2 E| • • • ^ 

■ . ■ » ' . ■ 

— Manpower pro^prtlonal to Hy■ 

. ■ ■" ' ' 
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Activity 



References and Notes 



$. WHAT'S WRONG WITH { HAZARD, ] FORMULA? (continued) 



>RKLOAD) 



Descriptiojo; of Wotkload Formula 



^ j " "number of man-hours assoAated with 
^ factor j 

— «i- Vii + Vi2-^ • + Vim 

— Manpower proportional to H^ • 

~ Mathematically thd same as Hazard Formula 
with different weights ^ 

Problems 

— Apples and oranges 
^ — Interrelated 

— vPropgrtional incVease for emergency calls 

No way to determine "correct'V weights 
1^ foi Hazardt%ormula 

Workload Formula accomplishes onl/ one 
^ ^i^^^^^^^* equalizing workload 

— Hazard Formula does not do what it 

appears to do ' * 

# . ■ * ^ _ ■ 

Example: Assume precincts with high num- 
bers of outside crimes have proportion- 
ately more unimportant calls. Then* 
increasing wj for outside crimes decreases 
manpower assigned to high^ime precincts 

— No crellt for good performance ( 

May be useful for manpower needs other than . 
patrol ^ ^ 



Number of patrol units needed so 
that at rnost 10% of colls delay^ed 




I Assumptions: 30 minute service time per call 
I . ' 50% of each car "s time spent 

* unavailable for reasons other than dispatch to a call 



Fig. RP-1 



LECTURE CG : 

. CHARACTERISTICS 'OP EMERGEN5Y SERVICES 
*. m^QENESAI, AUDIENCES 

Thia lecture Is intended for audiences of. analysts Interested 
in the similarities and difforoneea among emergency services 
flnd for audiences containing a mixture of fire, police, and 
ambulance service representatives. 



Time; Approx. 60 minutes 



Objective: To describe the general characteristics of emergency services 
that are relevant for deployment analyses 



Activity 



References and Notes 



1. INTRODUCTION 



'Some models developed for one emergency ^ 
service can be applied directly to^another 
service, changing only terminology^ Others 
are unique *to a particular service because 
of distinct characteristics 

Considering only police pa|:rol,, fire unitk^ 
and emergency medical services ^ 



2. CALLS FO^l SERVICE - " 

• Arrival process 

All three services: Poisson by time and 
geography; Rate varies by hour about an 
order of magnitude*. Any method that 
predicts demands for one service will 
*^ also work for^'others 

• Priority structure 

Police and ambulance: priorities can 
be identified j some calls are not/ tlme^ 
urgent; some calls can be rejected when 
necessary to prevent system congestion, 
but there may be legal constraints on 
, V r, call rejection , 

Fire: information for distinguishing 
type of call may be abseicit (e.g., street 
box alarm) ; when preset, information 
does not determine priority, but only 
the number and type(s) of units needed 



/ 
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Actlvfty 



Refer«nc«s and Ndtosi' 



3* TYPES OE VNIXS 



Follcfit; usually all patrol units are 
Interchangeable* from thla point of view of 
the fuQcttons they can perform when they 
reach the dcene 

Fire: at least two types:, engines and 
laddjirs; limited intercha:5pfeeablllty 

Ambulances: may have diatlngixlshable 
capabilities: transport only, routine 
treatment y or intensive care (medic unlt8» 
mobile cardiac care units) 



4, MANNING 



Police: 1 or 2 officers. IX both types 
are present in same, city ^ two^lcman units 
may be needed as an«alternatlve one * 
2-man unit ^ 

Fire: 3 to 7 fire-fighters 

Ambulance:^ standard is now 2 attendants; 
soine agencies do not achieve this 



5. LOCATION OF UNITES 

Police; mobile. Patrol areas can in 
principle be designed in any way d*^ired, 
but administrative constraints are often 
imposed » Patrol areas can also* change ' 
during or between tours of duty» but this 
is becoming lass common with the advent of 
\ "neighborhood (teams," Overlap of sectors 

'L possible, but not done in most cities. 

' Geometrical probability ^models for two or 
more randomly located points relevant 

Fire and ^oibulance: usually fixed loca- 
tions. "Patrol" activities Buch as inspec- 
tion infrequent; can ignore in most cities; 
May be several units at one location. Type 
of physical structure not important for am- 
bulances (garage*» hospital, police station, 
fire station) . Fixed location implies 
"turhout" time 



4^ 
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Activity 



5. HOW MANY UNITS ON DUTY 

Police and ambulance: flexible by day and 
time 

Fire: usually not varied over the d^jiy; a 
^long-term planning issue 



?• QUEUING OF CALLS DUE TO UNAVAILABILITY OP UNITS 

Poliqe: common in many cities^ Walt mjay ' 
dominate travel time. Queue usually has 
priority structure in practice 

Ambulance: common in a few cities. Happens 
occasionally in many cities 

Fire: Only undier crlsla conditions. Not 
relevant for deployment analysis 



References and Notes 



8. HOW MANY UNITS DISPATCHED ' 

Police: usually one. For some calls two 
1-man cars are dispatched. In practice, 
more units may respond than are dispatched 

Fire: usually at least two. In some cities 
as many as 5-7. Traditionally preplanned 
according to: 

f (a) nature of land use (business, resi- 

dential, high rise) 

(b) nature of Incident 

Analysis can consider time of day, projected 
incidence rates, current unavailability 
status of system, probability that incident 
is serious, manning on unit 



t Ambulance: usually one. . Some systemt^ dls- 
p^h two or three, having different capa- 
bilities 

(aV First responder has limited capabll- 
1 1 ties; second has full tr6atment an,d 
V^ransport capabilities 

(b) First has full treatment capabilities 
but cannot transport; second can 
transport V 



o 
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Activity 



References and Notes 



9, * WHICH UNIT(S) DISPATCHED 

Police: usually sector car If available* 
If not avallablet several policies are 
possible^ 



Fire: traditionally preplanned. Almost 
always closest' available, on Initial dls-^ 
patch . 



Analysis shows this may not be optimal 



10. RELOCATION 



11. 



Fire: traditionally preplanned for 
multiple-alarm fires* May be needed for 
several simultaneous^ .smaller fires. 
Explain purpose 

Police and ambulance: ra^rely used, but 
would have same benefits as In fire case 



UNAVAILABILITY FOR REASONS OTHER THAN PREVIOUS 
DISPATCH 



Fire and ambulance: 
Incident only 



recovery from previous 



Police: substantial part of activity. 
May amount to 35%-60% of time. Some of 
thieise unavailabilities could be Intej^rupted 
by! high-prlorlty Incident 



^ 46 
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Referengea and Notes 



X2. PERFORMANCE CRITERIA . 

(a) ^Queuing concepts 

Fire: delays by dispatchers; probability 
that all or most units assigned to a sub-- 
area will be^bqsy 

it 

Police and ambulance: dispatch delays, 
expected time in queue, probability of 
waiting > T in queue, delays by priority . 
level ^ 

(b) Travel time 
« 

Fire: is a vector (by order of arrival and 
type of unit) 

Police and ambulance: relevant for cer- 
tain calls 

(c) Turnout time 

Fire and ambulance 

(d) Workload balance 

All three ^ 

(e) Dispatches out of>wsual area 

Police 

(f) Time available for nondispatch functions 

Police 

(g) Cost of operation 

All three 



i 
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LECTURE DP 



DATA ANALYSIS 
FOR lite SERVICE AUDIENCES 



Time; Appxox. 60 minutes 

Objective:' To Introduce students to types of alarm pattwng and their use- 
^ ^ fulness, and to suggest approaches for analyain^ data. 



Activity 



References and Notes 



1. DEFINITION OF DATA ANALYSIS 

• Emphasize the view of discovering patterns 
that fallow deployment tp be improved 

Indicate, that variation is expected, other- 
wise play it down 

• Give example of a nonuseful pattern (Thursday 
is TacOma, Wajjjj^ington^s slowest day) 

• Say that usual computer reports are not 
sufficient for data analysis, although 
possibly useful for management purposes 

2. COMMON PATTERNS—THEIR RELIABILITY AND USE 

• Let the audience help Identify and classify ^ 

tl)em| ; i 

• Do gebgraphy, type of Incident, trend, season, 
day of week, time of day (optlonal--*weather) 

• Structural fires may have different patterns 
than false alarms; patterns of total alarms, 

.structures, and false alarms will all be 
illustrated \ 
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References and Notes ' 



3. 



HAZARD REGIONS 



(^80 called demand regions) 




• Characterize a good definition 

— - Start with a description of an Ideal 

(fictional) region^ uniformity of land 
ude, alarm patternsi structures) etc. 

— : Less variation within regions than 
between regions 

End with the notion that the division 
into regions is successful if no one 
feels they should ask, "But are response 
times in the north part of the region 
higher or lower than^ln the south?" 

: — May be convenient to have each hazard 
region be a set of company administra- 
tive areas or censils tracts 

• Display alarms per capita and alarms per 
square mile and Indicate their use 

^ -\ 

— Trend prediction (if population trend 
can be predicted) 

Allocation model 



4. TIME-OF-DAY PATTERN 

To illustrate a common pattern and statistical 
variability around it 



Display hourly total alarms over a ^period 
of several days. Indicate 



— consistency (evening always higher than 



late night) 
~ variation around It 



Optional : July 4 vs.\ average vs. slow day 

Offer weather as a pa^lal explanation of 
the yirlation 



•A.. 



• 1. Ask audie^ice for possible uses — ^different 
^ number of men on duty at different hours, 
etc.^.^Em;phaslze possible— they may not be 
dealtrable uses . 



Activity 



References and Notes- 



5. TREND AND SEASON 



To illustrate superposition. of patterns and C 
how to untangle effects 

• 

• Display' a short pattern, indicate inadequacy 
(total alarms, 34 months, Tacoma) 

^ • "Display a long pattern (false alarms, 
60 months, New York City) 

• Display detrinded seasonal pattern 

* — Indicate that slide shows ratio of 
alarms in a week to the t^rend 

— Could calculate the difference between 
alarms in a week and' the trend as alter-* 
native ' • 

~ Stress the economy of the ratio descrip- 
tion 

• Ask audience for possible uses 

<^ ■ 

6. PATTERN "SIZE" 

To indicate the possible usefulness of a pat- 
tern 

• Divide previous patterns into 4 seasons and 
4 six-hour' periods (divide the year and the 
day into the^same number of parts, in this 
•case, 4) \\ ^ ■ . ■ ' . j' . 

• Calculate ratiijc) of p,eak period to low period 
for each of the two patt^roas 

• Compare the ratios* A big ratio indicates a 
pal^tem possibly worth trying to take advan- 
tage of ^ *. • 

• Check statistical significance, of large 
ratios - 

— if ratio is -large, but the data do not 
establish significance, gather mpre data 

.— ; [if a small ratio is -statistically 

significant, there may nonetheless be 
, no policy value to the pattern] 
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Referericee and Notes 



7. GEOGRAPHICAL PATTERNS 



-5^ 



GE AREAS 



Illustrate approximate^constancy of' false 
alarm^ as a fraction of box alarms' through- 
out Ney York City. 



Stress tt\e economy of tills constancy,^ as 
it relate^ to false alarms p6r ca]^lta or 
per square mile, which vary even more 
than total alarms Illustrated in Figures 
DF-3, DF-4 



8. GEOGRAPHICAL PATTERNS— SMALL AREAS 

Purposes: To indicate t^at part of the data 
should be reserved, and Osed for 
judging the reliability of any pat- 
terns discovered and to show a pat- 
tern that was discovered because 
deployment models suggested that if 
it existed, It would be useful 

• Illustrate box-to-box variability in propor- 
tion of all alarms that are false 

— Not inconsl'stent with large arfea pattern, 
since no^rea is exclusively high or low 
in regard to percent false 

— Indicate th^ pattern is usefj^l only if 
it is consistent from .yeaij^ to year- — 
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Actlvlt^ 

GEOGRAPHICAL PATTERNS-SMALL AREAS (continued) 

• Illustrate the finding and checking of the 
pattern of box-to-hox variations in propor-' 
tlbn of Box alarms that are serious 

These are year-round numbers 

. ~ Box 2277 is among t;he lowest in pre- ' 
dieted percent structural, box 2209 is 
among the highest. But they are not 
outliers v 

— Indicate how risk classes were defined 

~ Stress the role of reserving some of the 
data ^ , 

— Deployment models shifted attention to 
serious fires rather than total alarms 

Seriouigness needs careful definition, 
specific to the city. Depends on the 
purpose: Ifaybe all structural, maybe 
only those that work several companies, 
etc. 



References and Notes 



The pattern is useful when 
rate is high 



hen tn& alaann 



V 

Indicate that season and time of . day affect 
.the pattern' 

~ Relatively more false alarms in summer 
(and evening), structural fires almost 
constant 

~ Serioiis fires are a larger proportion 
of structural late at night, in winter 
(fewer food-on-stove-type incidents) * 

— ^ Illustrate the a±ze of the overall 

effect: risky boxes, late night, winter 
vs. n^nrisky, summer evening 

~ Optional; Illustrate economy and good 
fit of Separate, multiplicative seasonal 
and tljner-of-day factors 



■I 
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Activity 



9. Optional ; THE POISSON PRO'CiBSSv 

Purpose ; To Introduce probabilistic notions, 
' and 8 iggest that mathematilcal 

models "iander stand" that sometimes 
the sLtyation is much worse than 
average 

Suggest its nature and reasonableness. Take 
a finite set of "similar" hours and a fixed 
total number of alarms, and discuss, distributing 
the alarms at random. ("Throwing darts at the 

. ^^^^ 

• ^i^xample — Jersey City. Very small seasonal 

^(effect (similar^,to Tacoma) . In 1973, 
1480 alarms in 2-4 p.m. period, which is 
365. ;x 2 = 730 hours. In that period, 
1480/730 =^2 alarmsVper h^ur 

• Consequence — if average number of alarms 
is 2 per hour between 2 and 4 p.m. in ^ 
Jersey City, then !i 

14^% of such hours will' have no- 'alarms 

, • 27/^ of such hours will have V alarm 

27^ of such hours will, have 2 alarms 

18% -of such hours. will have 3 alarms . 

9% of such hours will have 4 alarmV 




A 



5% of such hours wi; 
alarms 



.^Jrlf/havte-^ 



or more 



• Discuss what "x% of hours" means 

• 2 alarms '(the average) is not even more 
' likely to occur than 1 alarm 



Id. Optional; Fllffi COMPANY WORK TIMES 

Discuss company work times by alarm type 



• Indicate that averages may be sufficient 



Ref er ences and .Notes 
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11. RECAP 

, • • * « • 

(?o through the data analysis process 

• . Divide the jiata \ ; 

\ . • *. • ■ 

— F W pattertis on y^eT part , 
^ Verify them on the other 

• Plot and cross-tfabulat;e 

• Cofistriic^ hazards regions 

• Patterns should tie' • . 



~ useful 
— simple 



. My* 
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DATA ifimiYSIS 



What is It? • Discovering and characterizing the variations an^ 
consistencies in incidents i 

, ' • Finding patterns^-in time, season, location ' 

• Variations from the patterns are often ^ 
usefully treAed as random, and describajble ' 
V by the Poisson process . 



Why do it? to improve th^ HepVoyinent of fire-fighting resources 



Fig. DF-1 
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COMMON ALARW. PATTERNS 



Pattern 


Reliable 


Useful For 


1 

How Much 


Geographical 


Relatively 


Alloqatlon 


Very 


Breakdown by 
Type 


. Yes' \ 


Allocation, Ini- 
tial Dispatch 


Some 


Trend 


Maybe 


Allocation 


Some 


Season 


Yes 


Alloca^,ion ' 


Slight 


Day of Week 


Yes 






Time of Day 


Yes 


Initial Dispatch, 
Allocation 


Very if alarm rate 
is' high, slight 
otherwise * 


Weather 




Short term 
allocation, for 
brush fires, etc. 


Some 


* 




. J, 








Fig. DF-2 
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Fig, DF-3 



HAZARD REtelON DATA 

(TOTAL ALARMS PER 1000 
RESIDENTS IN 1971) 

NEW YORK c:\jy ' 



« ft 
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HAZARD REGION DATA 

(HUNDREDS OF ALARMS 
PER SQUARE MILE. IN 1972) 
NEW YORK CITY 



Fig. DF-4 
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HOURLY 'TOTAL ALARMS IN NYC 
1968, 



Jl 



July 4 - 5 



ru 



I 



1 
I 
I 
I 

I 




Average 



r 
I 

1-1 



1 




I I I L_J__i L_l 

6 8 10 I 2 4 



10 I 2 4 

Noon ■ Midnight 
flour of the day 

Fig. DF-6 . ^ 



Low Day 



.57- . - 



HOURLY TOTAL -ALA RMS IN NYC 



August 14- 20.1966 




Sunday^ Monday Tuesday Wednesday Thursday 



Fig. PF-8 
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^ TACOMA, WASHINtSTON 

(TIME OF DAY PATTERN) 



3001- . ^ 



TOTAL 
ALApS 
IN . 
1971 



200 



100 




J U_L 



7 



I I I L 



8 10 12 14 16 18 20 22 24 
HOUR OF THE DAY 



Fig. DF-12 
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MEASURING THE SIZE OF A PATTERN 





1 

Seasonal Pattern: 


Tacoma 


Period 


Alarms in 1971 


Winter: January, February, 
; December 


"1002 


Spring: March-May 


1181 


Summer: June-August 


1248 


Fall: Septemher-NoVember 

« 


1009 


• 


• • 

. Time -of Day Pattern : Tacoma 




Time 


Alarms in 1971 




0200 -0800 

* 






^ 0800 - 1400 


1 1195 - 




i 1400 - 200() 


■ 1409" 




-2000 - 0200 


1139 ! 


> 




■ \ i 



jHigh -40 low ratio is 
U25 = 1248/1002, 



High to low ratio is 
2.8 = 1409/497 



Fig. DF-13 
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NEW YORK CITY 

HAZARD REGION DATA 

(BOX . FALSE ALARMS AS A PERCENT 
OF ALL BOX ALARMS. IN 1968) 




Fi^. DF-14 
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'StRUCTURAL FIRE PREDICTIONS FOr/tWO ALARM BOXES 



Bronx 
number 


Predicted 
percent 
structural 
('67 - '69 data) 


Actual 


1970 Data 


Alarflis 


Structural 
f i res 


2277 


0.4 


96 


0 


2209 


31.8 


94 


' 25 



. Fig. DF-15 
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, / 



12 



10 



PERCENT 
OF YEAR'S 
-STRUCTURAL FIRES 



.«4 



STRUCTURAL FIRES 

(NEW YORK CITY) 




7-8.33% AVERAGE 



1 I L t L 



J F A 



M J J > A S 0 W (J 
MONTH 



\Fig. DF-1Z 
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SEASONAL AND TIME OF. DAY EFFECTS IN SEWt)US fIrES 
AS A PROPORTION OF STRUCTURAL 

(NEW YORK CITY) 



BOX WINTER 

'SPRING-FALL 
SUMMER 

PHONE • \AiJNTER 

SPRING-FALL 
.SUMMER 



PERCENT OF ALL STRUCTURAL FIRES IN 
1970 REPORTED IN THE INDICATED WAY THAT 
WORKED MORE THAN ONE LADDER 



0-8 
33.8%. 
32.8 

32.6 ' * 

20.9 
16.0 
16.8 



8-16 
28.6% 
25.5 
22.0 

15.3 
11.9 
11.5 



16-24 
25.0% 
23 .-1 
22.2 

11.7 
10.3 
10.0 



Fig. DF-18 
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PROPORTION OF BOX:REPORTED ALARMS THAT WERE 
SERIOUS FIRES, BY SEASON AND TI^)^E OF DAY, 
1 19641970 BRONX DATA 



TIME OF DAY 


WINTER 
PROPORTION/ 


SPRING/FALL 
PROPORTION 


' summer' 
proportion 


*• 

OVER WHOLE YEAR 
PROPORTION ^ 




' 0-8 acji. 


0.057 


. 0.042 


0.026 


■ i 
0.038 


1.7 


8 a.m.- 4 p.m. 


If. 044 


0.025 • 


0.018 


0.027 


1.2 


4 p.m. - midnight 




0.013 


0.011 


0.016 


.7 


Over WhQie Day 




0.021 


0.016 


0.022 






1.4 


1.0 


.7 







Fig. DF-19 
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SEPARATING SEASONAL AND TIME-OF-DAY EFFECTS: SERIOUS FIRES 





Relative Seriousness": 




Percent of box alarms in indicated 
period that were serious i percent 
of all box alarms that were serious 


u - o . 


1.7 = 


3.8/2.2 


8 - 16 


' . 1-2 = 


2.7/2.2 


16 -24 ^ 


.7 = 


1.6/2.2 


Winter 


1.4 = 


3.1/2.2 


Spring; Fall 


1.0 = 


2.1/2.2 


Summer 


.7 = 


1.6/2.^ 



ERIC 





1 

Actual 


Percent Serious 


Percent Serious if Season 
and Time-of-Day Effects 
were Multiplicative 




\ Winter 


Spring, 
Fal 1 


Sunnier 


Winter 


Spring, 
Fall 


Summer 


0-8 


5.7 


4.2 


2.6 


* 

5.4 


3.6 


2.8 


8 - 16 


4.7^ 


2.5 


1.8 


3.8 


' 2.5 


2.0 


16 - 24 


2.5 


1.5 


1.1 


2.3 


1.5 


.1.2 



1 \ 



Example: 5.4% = 2.2% x 1.7[0 - 8] x 1 .4[winter],^ 

Fig. DF-20 
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SUMM^Y 



DIVIDE THE AVAILABLE DATA IN TWO PARTS 

Use qne for finding patterns 

- Reseiwihe other for verifying them 

PLOT THE DATA 

MAKE CROSS-TABULATIONS ~ 

. Time of day and season ■ 

- Proportion serious and region i> 

^ jllVIDE CITY INTO HO.MOtENtoUs'R'^GlONS BY ^ 

" " - Land use 

- Alarm data 

IlOOK for USEFUL PATTERNS ' 
TRY FOR SIMPLE. ^ONOMICAL MODELS 



TEST IF THE PATTERNS YOU'VE DISCOVERED ARE CONSISTENT, BY SEEING 
■ WHETHER THE RESERVED DATA FITS THEM 



. Fig. DF-2,1 



ALLOCATION OF, .e£e COMPANIES ' 



Time.}' Apptox. "60 minutes / 

Equipment: Computer terminal with telephone cpupl^^ (if anocatiori. tnodel 
is being, demonstrated) ^ 



Objective: To introduqe one approach to analysing fire company lockt ion 
, problems, and to explain thbi first step in such .an analysis. 



Activity - ^ - ^ 


^ References** and ^ot^s ' 


!• INTRODUCTION . /^f 




What make0 i.t necessary tp' think about r\ 
changing the number and location of fire ^/^n 
stations? ' ' 


-'■'■^ 

;/' * • 


— Urban renewal . ' 


— Neighborhood changes 




~ Aging of firehbuses 




'~ Changes ill' 'fire department budget 
' * Revels , ■ . ^ 

• Must rkrid answers to two questions; 




. . (1) IJow many fire companies are needed? 


«... 


(2) Where should the companies be located? ' 


«^ 


* • In regard Co Question It Whv nnt mat*/ 
benefit approach? 




— Don't know relationship between dollar . 
looses and travel times 




— Requires that a monetary value be 
placed on hiiman life , 




~ Fire department is only part of the 
municipal budget. This approach would 
have to be applied to -all agencies 




« 

• practical approach 




(1) Assume a given budget l^velr— this de- 
termines the number of fire companies 




r^^' (2)* Find the .best way to allocate the 
f companies to regions of the city 


I 


(3) Find specific sites for each ^ofepany ' 
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ReferenceB atid Notes 



2. ALLOW 

• ^M^hel^i -SllS^^les illustrating conf lict. 



^^Cit5^ji^8 ,2L jr^gi^^ of the saine siza 
I^A^it^gfery different alarm rates . 




Allfccatefj^ minimize average tx:av61 time 
tw'alarmfef; 

t! ■ 

High^/lravesl times in low incidence 
regl^r^ 

-|| Igndlres fire hazards 



iiyiocatS^ip equalize coverage. 



r 



Complies in high Incidence region 
will have high workloads \ 

-r- Higher', travel times to most alarms 



Conclusion: Neither of these allocations 
is gpod 



0 




ER^C 
1 



Activity 



2. ALLOCATION OBJECTIVES (continued) 

• Solution: Use compromise alloqation 

— The ParametiM.c Allocation Model ' 

determines allocations for a range of 
compromises between "minimum average 
travel time" and "equal coverage" 

3. USEFULNESS OF PARAMETRIC ALLOCATION MODEL 

• Provides general picture qf number of fire 
companies to allocate to different parts 
of the city 

•'^ Quick and inexpensive to use ' * 

• Requires very little data , . ' i 

• Various uses 



— CompariB travel times and workload ' 
among regions 

~ Determine reallocations of curfpnt v 
resources 

~ Determine regions to gain or lose 

CQinpanies if level of resoiirces is to 
be changed • 



DATA NEEDED FOR EACH 'RECKON 

• City must be divided ±ntg hazard regions. 

Travel times will be weighted in each 
region. Weight Indicates "importance" of 
travel time J ^ 

if • ■ ■ . ■ 

/ "EFFECTIVE" \ 
WEIGHT = ( ALARM , ) x (HAZARD) 
\ RATI: / 



J 



References . and Notes* 
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Actlvlty 



5. WHAT IS "EFFECTIVE" ALARM RATE? 

• Each type of alarm Is counted In proportion 
to Its seriousness 

• If all alarms are considered of equal 
seriousness, then the effective alarm fate 
Is the same as total alarm rate 

• Can count only structural flres» or only 
fires that required more than a certain 
amount of Work to extinguish (e.g., one 
company-hour) 

• Can weight each type of alarm by the number 
of company-hours needed to extinguish it. 
Thei) 



• (" 



EFFECTIVE" \ _ /ALAKM\ /COMPANY- 



ALARM RATE J " \RATE J ^ \ HOURS 



/AVERAGE NUMBER 0F\ 
\ COMPANIES BUSY / 



^ 6. WHAT IS THE HAZARD FACTOR? 

• Subjective lne.asure of the relative danger 
of a fire (potential for loss of life. or 
property if a fire does occur) 

• Suppose the mo^t hazardous region is given 

. a hazard rating of 1.0 • Then a regioti wit;h 
hazard rating 0.9 is less hazardous to, the 
extent that travel times could be about 
10 percent higher in this region, and the 
department would be willing to say equal 
quality fire protection is being 'pro-^lded 
in the two regions 

• This is a subjective luanagement' 1;^ 
When using the model, can try seve 
different ways of defining hazards 
what the consequences are 




References and Notes 
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Activity . 


References and Notes 


. 7. CITYWIDE DATA NEEDED 




• "Constant" and "power'' in the relationship 
oetween travex time and number or companies: 




/ AVERAGE TRAVEL \ * 
\TIME in a region/ 


^- ■ ' ■ ■. 


s / ^ AREA \(POWER) 

» (CONSTANT) X 1 ^ 1 

^1 AV. NUMBER 1 

^COMPANIES AVAIL. J 




8, DECISION VARIABLES 




• Total number of companies to be allocated 
to the city 




• Tradeoff parameter betar-(^--Th±B^--ace(3m"' 
plishes the compromise between "minimum 
average travel time" and "equal coverage"^ 


• 


— I'or 3 = 1, program shows an allocation 
^ ytYiat minimizes the average weighted 
^ travel time 




ror large p (dO or more) , program 
shows an allocation that will make the 
weighted response time equal in all 
regions " i 




[For small 0, workload is equalized] 




• How does the department choose its desired 

. V aXU^^^^X, p & 




— Try different values between 1 and 50. 
See what happens * 




— 0 =» .3 was found to be "good" in New 
York City 




^ — It often happens that all values of 0 
indicate that certaiin hazardr regions 
should lose companies as compared to 
the present, arrangement, and others 
should gain companies. Such "a con- 
elusion is 'robust, because any 
"rea^sonabie'* value of 0 leads to a 
qualitatively similar conclusion 


1 




Activity 


ReferenciBS and Notes 




OTITPTIT 






• The number of companies to be located in 
* each hazard region 

• The average travel time in each region, 
given] the number of companies allocated 






• . Citywide averages 


< 


10. 


MATHEMATICAL FORMULATION (Optional) 






= total, number of companies to be - 
* allocated in, the city 






n^ = number of companies allocated i ijj;;^ 
region i - 

= effective alarm rate in region i 


', 


« 


h*£ = hazard rating for region i 






T^(n^) = average travel time in region %\ 
giVen n companies there 


• 




r^"^ and a are the travel-time "constant" 
And "power^*^ 


• 




A. » area of region i \ 


■ ■ . * ' N 




b^ = average number of .companies busy in 
~ region i . * 






Optimization problem: 






• Minimize J X, (h,T, (n,))^ ' - 


. .# . 

* ■ 




^""^bjeQt to \ n = M 


*' * 




• S^is the tradeoff parameter ^ 






• ■ -77- 


•«■■..■' -V, "v ■ • ' 
' ■ . 1. ■■■.■■I' 


Activity 


Ref erencea and Notes* * 


11. LEAD-IN TO DEMONSTRATION " ' 




• Jersey City will be chosen as an?»^xample 
& ■ * 


* 


■ . ■ ■ ■ / " ^ ■ ■ ' 

^ Display map of city 

/ . . ■ - ■ ■ . 


■ _ ^ ■ ■■ - 


• Discuss * f 


< ■ 


definition of demand regions^ 


# ■ ■ » . 


. .~ objective was ' to plan in terms of alarm 
"[ rates to be expected in the future ' 




12. DEMONSTI^VTION ^ ^ 








l' i <1 

• , . ' , ^ r 
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Activity 



Refer encea and Notes 



12. DEMONSTRATION (continued) 

Describe "base case" situation 



— . Discuss response times 
, . . Differences between regions 

. Citywide average, noting that it 
is weighted by regional alarm 
* ^ r^jites 

Avetage and percentage busy 
indicate rel^^itive workloads 

/ . . ^. ■ ' 

Derive allocations for different values of 
|he tradeoff parameter ^ ^ 

• Interpret ffSctidnal allocatians 



( 



Point out that parameter « .25 produces 
« good approximation pt^^iyjEreat '^alloc'&tion 



/ 



Findr r^allocatiotr for. parameter ^ .25 based 
on 1983 alarm rates 

• Allocations for different- numbers of total 
companies / ' 

• -< 

• .[optional] Comparison of different specific 
• allocations with the current^ sltuatfion 
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Region 


Area 
Sq. Miles 


' All ' 


False 


.Nonserious 
- Structural 


Serious 
Structural 


1 
2 


1.52 . 
2.82 


.722 . 
^.444 


.403 ; j 

■ ■ .137 ( 


.040 ' 
• .047 


■ .015* • 


3 


0.85 


.202 


t OSfr- 


.027 


.003 


4 ' 


1.98 


.630 ^ 


.29i •' 


.094 


.013 


5 


2.59 


.330 


.127 

<3 


.039 


.007 ' 

1 t 



Fig. AF- 7 — 1^7-2-1973 darm rat^s 
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• LECTURE LF 

( LOCATING FIRE STATIONS 

Time: VApprox. 70 minutes including demonstration of program 

Object!^: To discuss the general problem of locating fire stations, and 
to compare two specific approaches to the problem. 

Equipment: Portable terminal with acoustic .coupler for demonstration. 



Activity 


References and Notes • 


1 . INTRODUClTTnN 




• Topic is evaluation of current fire station 
sites, and planning which ones to close ♦ 
and/or where to put' new ones 


' s . 


• Discussion may be followed by demons trat;ion - 

J* 


r 


• NYCRI treats this question in two stages: 




(a) Obtain ideas and insights from the 
allocation model 


* 


(b) Use^a descriptive model to evaluate 
' . specific configuratioprs 

V ' 


- 


« • Other apprpaches perform analyses in one 
stage ^ , . 

^ ■ ■ , . -» ■ ' 




T • 

: ■ ■ ■ • 




• *' ■ ■ ■ 

* • 


f 


* 

ft 

91 ' 
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Actlvlty 



2, GENERAL APPROACHES 

• Minimize sum of fire department costs' and 
expected fire losses' (including fatalities). 

^ A worthy objective; some studies have^ been 
^ done afong these lines in Gx:eat Britain. 

^ Problem: Wo generally useful way has 
been found to estimate fire Irosses from 
response times 

• Minimum average response time. May not be 
a good idea, as tends to indicate greatest 
need for stations in high-alarm areas while 
ignoring low-fire areas. Wh^n choosing 
^mong otherwise equally satisfactory con- 

^ figuration^, may be useful 

• Coverage. Each* potential fire sitflt should 
be within reasonable distance (or^ time) of 
a fire station. Easy to apply, but too 
simplistic and based on subjective 
judgments 



References and Notes 
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Actlvlty 



3. MEASURES POR EVALUAtlNG ALTERNATIVES 

• Use surrogate measures for fire loss. Give 
decisdonmaker information on how a given 
configuration will' perform using several 
measures of f ir^protectlon 

One conf IguratVon will probably not 
dominate another configuration on all 
measures 

— Administrators myst subjectively balance^ 
the measures; they will also* add judg- 
ments concerning hazards and political 
constraints ' ' 

Primary considerations : 

— Travel times . Make sure that each 
potential f i^-e site is withiti. a reason- 
able time ftom a firehouse 

— Hazards . W^nt to single put some poten- 
tial tires ^as more important than others 
f or^ acbieiving rapid response - ' 

— Average regional travel times . Useful 
foV evaluating relative fire protection 
in different areas of a city V 

— Fire company worktoad . M^y v^ant to 
balance workload over companies." Mbst 
Important when workload is high 



References and Notes 
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Activity 



References and Notes 



4. GENERAL DATA REQUIREMENTS 
• Geographic divi8:^on 



Divide city into small subar^asy as 
small as the area covered by a single 
alarm box (real or phantom), perhaps - 
four or five times this size 

Assume all demand for fire ^service .in 
.•^the subarea arises at btie point. 
Estimates of travel times to any point 
in the subarea will be the same as to 
tHat point / " ' 

Find historical (or expected' future) 
fire incidence in each subarea ^ 



Identify points at which construction of 
a firehouse is feasible. Failure to do 
this wiH lead to consideration of options. 
^ that are infeasible and impractical 

Identify those siibareas having special 
hazards ^ 

Analysis will pay special attention 
to t]iese subareas 

*Must have, some method for estimating " 
^. travel time frdm any firehouse^ (existiijg 
or prpposed) to any subarea , , 

Obtain estimates jof capital' construction 
- costs; and current costs of de|}reciatipn, 
*operatipn, and maliitenance of existing 
stations - • 



1^ 



. 1^ , Activity 
ESJIMATINffroAVEL TIMES 



Method 1 , Developed by PuMlc Technology, 
Inc. ,(PTI) . 

— Describe street netpprk of city in * 
computer-readable form. Street Inter- 
sections are Identified as nodes In the 
network, streets are represented as 
connecting links between nodes. Not 

* necessary to consider all streets;* mdln 
arterlals are adequate 

Estimate average 1;ravel speed on each 
link. This may be done from experienced 

. gueTgses, traffic surveys, experimental, 
trips by. fire companies, or from prevl- 

1 ously collected re|rponse- time data ^ 

— Estimate time to travel over each llrtk 
using spefed and^^distance 

~ Subareas are called fire demand zones ; 
the point re^)resentlng all the proper- 
t^ies J.n a fire demand zone is called a * 

; focaJl point ' 

~ Every potential or piflsting flrehouse 
and every focal point is referenced to 
a node of the street network 

~ ' The travel time from a firehouie-T:d a 
focal point is estimated by finding the 
set of connecting arcs that form the y 
minimum time path * 



References and Notes 
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Activity 



1^ • 



References 



Notes 



5. ESTIMATING TRAVEL TIMES '(continued) 
• Method 2 > Developed by NYCRI 



— Run a "travel-time^experiment" - showing v 
origin and destination f or ^each response 

^ by- fire companies, odomdter distance 

traveled, and the time required for the 
Vesponse V 

Data cah be collected in the units, 'or 
at the dispatch center if units radio 
in when departing and arriving/ 

— Fit a smooth curve to data showing 

a9tual travel time versus distance 

*- . 

(a) In some cities, straight line with 
positive intercept provides best • 

-' fit - ^ 

(b) In most, a blend between straight 

^ line and a square-root curve is bes,t 

(c) . Curve may vary in different parts^ 

of the city and at -tflff erent^ times 
of day. But experience has shown 
^that ni^ther effect is large, and 
^ that approximately the same curve. • 

. can be used for any city at all 
times of day 



D'fetermine x-y coordinates of existing 
and potential fire station sites on a 
grid map of ttie city. Determine x-y 
coordinates for the subareas in which 
incidence will be estimated 

Estimate distance f rpm jietations^o 
subareas in some way, ^.g., as s>tnr 
of X and y distance traveled (right- 

' angle, distance) qr "a modification 
of straight-line (Euclidean)^ dis- 

, tance 

Parameters Lf fit curve are used tt 
estimate flravel time- between aily two 
points, using estintated distance 



/ 
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Actlvlty 



5. ESTIMATING TPxAVEL TIMES (continued) 
• Relative stdvantages of Method 1 



•V 



L 



^ If road network has already been devel- 
oped (by traffic departmeiit, fdr exam- 
ple), this is fastest way to proceed 

» . " • • 

Road network, when developed, niay be 
useful to-^ther city agencies 

Barriers to travel (hills, railroad 
tracks, rivers, airports) are automati- 
cally taken into account*^ 

Eff'edts of changes in structure of road 
network can be analyzed in advance (new 
interstate highway, n^ bridge, plosing , 
of existing bridge) ^ 

Irregularly shaped arefi\s XpeiKLnsulas, 
or cities with holes in them, for * 
example) are automatically handled 
accurately 

Fire of f itials -may f6e.l ijiore comfortable 
with a method that actueilly imitates the 
path followed by fire companies, whether 
or not method is" actually accurate 



• Relative advantages of MetHod '2 

— Elaborate data base and computer program 
not needg^; loWer cost for analysis 

— If road network has not already been 
developed, this method is significantly 
faster 

If travel times hive already been 
collected (e.g.,. by UFIRS) , this method 
^ is very fast 

— Parameters for fit curve have Ijeen so 
close to the same values' for many cities 

. that it may be possible to proceed with- 
out collecting any travel-time data 

— Methpd^has been validated against actual 
tray el- time data and has been found 
accurate enough for site selection 

— In case of irregularly shaped areas', 

ad hoc adjustments to method are easily 
accomplished ' 

• The travel-time estimates produced by Methods 
1 and 2 have never been directly compared 
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Activity 



>ReferencBa and Notes 



r 



&• GENElkmG. possible! site ^NFiGURATIONS TO 
EVALUATE ' . - > ^ - . 

• ■ ■ . ' / 

• Method 1. Developed by PII 

— Still In developmental stage; requires 
^PTl^s assistance . * 

r" A maximum trav^ time is specified for 
each' focal point , \ ; 

- • ~ A set of existing, and potential fire- 
^ house sites is speci£i*%d 

--A computer program determines whether 
.any collection of potential station 
' locations can meet the' travel- time 

requirements. If so, it prints out 
. . a solution that requires the smallest 

possible number of sites 

• Advantages of Method 1 

Procedure Is very well' defined. Docu*- 
mentation provides step-by-step guide ) 
to the ta'ski^ that must be carriqd out ^* 
to use the ptogram and provides forms 
for collecting and organizing required 
data . 

— Me^ihod ds potentially very powerful. 
Pr maximum travel times^tcan be deter- 
mined, can generate, among the larger 
number of possible configurations, the 
one that meets all requirements with 
the^ few.est number of fire companies 
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uActivity ' 


References and Notes 


■. • " ■ ■ ^ ■ ^ 

.6. GENERATING iPOSSIBLE SITE C0NFIGillBlivm6NS TO . 
EVALUATE (continued) • / / §' 




• Difficulties with Methoc^'l .^fi 




• — No accepted standa^^s for travel-time 
constraints 

— Once. fire of f Iqdals agree on a set of 
requirements, the resulting number of 
stations needed may' exceed «a^y reason- 
ably foreseeable budoret. ConstrAintn 
must then be; relaxed 






~~ Travel— time redulxements corrahsiionrHna " 
^ to exlstlngmuniber . of stations may be ^ 
hard to determine ]. 




" . " . ft ^ • 
* PTI program may fall to operate, lead- 
ing to no solution 




~ Recommended station Configuration may 

involve j|oving many stations, while 

another ^qu&lly acceptable configura-^ 

tion (not known) inv'blves moving fewer 

stations. Other acceptably solutions 

(also not known) may be preferable in 

regara to average travel time or othei^ 

characteristics 
• 




• Method IM, Modification develoDed bv Uni- 
versity of Colorado: 




i 

— Same approach ais PTI's 

— Computer program finds a configuration 
that meets the requirements and has 
the minimal nun[iber. of stations. .This 
configuration includes the largest 
possible number of existing station 
sites / 




4 



/ 



Activity 



-96- 



References and Notes 



6. GENERATING POSjSIBLE SITE CONFIGURATIONS TO 
EVALUATE (conlijinuesd^ 

• 'Method 2 . f Used by NYCRf 

Use allocation model to determine demand 
regions needing more or fewer stations 

" From al map of the city showing existing 
. and potential sites, ^iect several 
pbssible .configurations that approxi- 
mately match desired allocations by 
region j 

— Use siting m!6del (to be described next) 
to compare the trial configurations • 
Develop improved trial configurations 
by looking at the results for others 

• Virtues and' difficulties with Method 2 

— Easy to use ^ ''fast to implement 

— Process of choosing configurations 
requires judgment and "map sense" 

— May overlook good configurations 




r 
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Activity 



?• EVALUATING TRIAL CONFIGURATION'S 

NYCRI has a "Firehouse Site Evaluation Model" 
that calculates a set of descriptive measures 
for^any pair of configur cations. Other re-, 
searchers" have similar computer prograpis, 
J differing only in details j 

(a) Calculations are based on a number oi 
assumptions , " 

r t ' 

if • 

• All units are always available 
their f irehouses to respond; tq'*^0 

, incoming alarm (reasoftable assumption 
• for most cities) 

• \ The closest units ar^ always dfs^ • .« 

patched to an alarm ' ' " 

• Calculations are performed separately 

\ for each type of fife-fighting equip- 

ment 

• Travel distances are estimated by 
righ}:-angle or "modified" Euclidean 
distance 



• ^^ravel'tiihes are estimated from 
empirically determined curve 
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References and Notes 


7. 'EVALUATING TRIAL CONFIGURATIONS (continued) 




(b) Performance measures^ 






For each demand region, citywlde, iden- 
tified target hazards, and/or region 
affected by change: .average travel time 
and average travel distance 


• • - / 




— - weighted by expected incidence and 
unweighted (each sub area given equal 
Weight) 






— firs t-due , second-due , third-^due , 
etc. 




• 


Freauencv c^ifit!T^h1lt!^on• of tfavipl t**fTTiflQ 
for each demand regidn and citywide 




• 


For each company's Yirst-due response 
area! average travel time. mAviTntini 
travel' time (to farthest subare^*), 
workload (incidents/year), and ai list 
of the subareas Xalainn boxes) th^t con- 
stitute the responete area , (this infor- 
mation is also avai|.able for second-due 
areas, etc.) 

\ 


/ 


• 

• 


\ 

Travel time and travel^distance to Bach 
i3ubarea (alarm box) identified as a tar- 
get hazard 


4 


• 


A list of the subareas whos6 first-^due 
travel times are improved by the change, 
and those whose first-due travel times 
are ^rse, plus the alarm incidence ^t 
each^roup of boxes and average travel 
times within each group, both before and 
after thd change 





V 
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8. DATA REQUIREMENTS FOR FIREHOUSE SITE EVALUATION 
MODEL 

V (Aside from general data requirements described 
' earlier) 

• List s>f subareas containing target hazards 

— Purpose; to have program specifically 
Indicate the travel times to these sub- 
areas 

— Effect of. changes In travel times to 
these subareas is Important 

• (x-y) coordinates for every subarea, exist- 
ing station, and potential station 

• A list of subareas Included In each com- 
V pany's current response areas 

• Parameters of the curve relating travel 
time to travel distance ( 
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9. DEMONSTRATION OF MODEL \ 

• Be s^ire to make atome^^^ctiange in station 
locations before running program* Other 
wise the "old" and "new" columns will , be 
the same, and there will be no "effected 

• Preferably, the changes should not be 
elaborate; the point Is not to show 
whatx^lip biggest possible performance 
change would be in one city. Suitable 

. tests are: * 

— Trenton engines 

\ M E3-8431 ' 
' ' M El-2232 . 

. M E8-2432 . 
O't^CE) 

— Trenton ladders 

M Ll-2232 * - 

0 C=(L) 

or ^ 
M Ll-2432 - 
0 C=(L) 



^4 ^ 



DEM6nSTRATI0N of model (continued) • 

^ Command language 

(E can be replaced by L) 

' M Enn-^mmmm 

\ Move engine nn to sul?area or box mmmm 
[e.g., M ElO-2104] 

D Enn ' 

Delete engine nn 
[e,g,, A E12-3510] 

A E-mmmm 

Add an engine at box mmmm 

Clear -stack of commands 
Cn ' . ^ 

Clear last n commands 

0 C =(E,L) ; b=l or n* L=X or N; 

W»S or A; R r(C,D>A,T) 

(all on one line; start with letter 0; 
defaults are underlined; use paren- 
theses as shown)** 



C " company type: 
or both 



engines or ladders 



D response level: uj) to nth-due 
L - box listings, Yes or No 

W - weight by structural (S) or all 
alarms (A) 

R - which regions to produce output for 
C - by Company ^ 

^ D - by Demknd region 

A - for Affected region * 
T - Target hazards 



Exit from program 

Siting model .prints results side-by-side 
for "current" and "proposed" configurations 

Facilities comparisons 



D 
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Legend: Circles represent nodes at street intdrsections. Not all streets are represented 
- • , " in the network. , ^ 

^' Fig. LF-1 — Street network concept: nodes arid links 
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-4-— Graph of travel tinie versus response distapce for Trenton, New Jersey 
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LECTURE SF 

SIMULATION 
FOR FIRE SERVICE AUDIENCES 



Time: Approx. 50 minutes 

Objective: To describe what a simulation model does, what kinds of questions 
it can answer, when to use it, and what resources are needed to 
use it. ^ 



Adtivity 



References and Notes 



1, DEFINITION 



Follow each incident step-by-step: 

* « 
From occurrence ^ ^ 

~ to report to,, firje department 

— to dispatch of companies 

— to their arrival at scene and work 
thece ^ 

— to their return to availability 

Do this for a large number of incidents 

— 'actual incidents, or 

imaginary incidents generated by the * 
computer to match average statistics 
for alarm rates, etc* 

Viewpoint of an "all-kridwing'^\dispatcher who 
keeps track of the location of <^ all incidents 
and companies at all times, but is not con- 
cerned with fite-fighting tactics at the 
scene 

Comi^ter collects statistics on response 
times, coverage, workloads ,^ , ^ 



' SF-2 
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Actlvlty 



References and Notes 



2. WHY SIMUtATE? 



Accuracy compared to other models (at a 
price) , 

i 

— Removes approximations present in every 
simple model 

— Accounts for interrelationship among 
policies that can be indlv;Ldually 
studied with simple models 

Safety as opposed to real-'World teat 

.» * 

— No operational or capital investment 

— No lives or property risked 

— The model can imagine that alarm rates 
"stay the same" after policy changes, 
but in the real world alarm rates will 
change 



3, DRAWBACKS 

• Simulation is expensive to run on the 
computer 

^ Extensive 'data collection needed 

• Simulation does not suggest any particular'* 
policy as desirable - 

• User must be technically skilled 
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Activity ' 


/ ' ■ ' 
Refer ehces and Notes 




WHEN TO USE A SBIULATION />i6dIiN, 

• 'Detailed comparison of complicated deploy- 
ment oollcles 


• 




— Number of companies On duty 






— Where located / 




— Number of units dispatched to particu- 
lar types of alarms 






~ Which unlt(s) dlspatchecl 






— T^eh units are relocated (moved up) 

— Which units are moved and where they go 


* > 




^ \ ' ' ' ' • ^ * 




• Validation of skimpier models, which are 






— Cheaper to use ■ ^ 






— Easier tp Interpret 

J 






• Instill confidence in administrators that 
final recolnunendations will work aa planned^ 
especially un4er adverse circumstances 

* * 


J ' 




1 






WHERE DO THE POLICIES COME FROM, TO TEST ON A. 
SIMULATION MODEL? 






• Fire departt^eiit administrator 






• Plannitig personnel 






• Simpler mod^i^ . 






Activity \ 


Refef^nces and Notes 


6. 


\ 

HOW DOES THE NYCRI SIMULATION MODEL WORK? 




















f . » 

' ■ t ■ . ■•' ; , , 

/ 




• 


7. 


. / 

WHAT INFOHMAXION IS IN THE SIMULATION OUTPUT / 




7 ■■ 

y 






7 

Response times ' 

* / 

Average and^distrHJtTtion ( \ 


/ 




< 


• 


— By incident type ^- / V 

— By 'geography ' - • / , / 

Company workloads ^ j - . ■ . 




\ • ■ . ■ 






~ Total . 








— By company / 




\. • ■ ■ : 




• 


Coverage 


V 






Activity 



References and Notes 



8. DATA AND RESOURCES NEEDED . 

• Geographical representation of the part of 
the city to be simulated 

— • Incident locations 
— • Company locations 

• Parameters for estimating travel time of 
every response » 

• Work times at different, types of Incidents 

• An. Input stream of Incidents 

— Actual Incidents from the past 

— or. Incidents generated from (Stalled 
data about alarm rates by type and 
location 

• Deployment policy 

— Detailed decision rules for dispatching 
and relocation 

• Access to a SIMSCRIPT I.5 compiler 

• ^^^al'^sts who can modify th^ computer pro- 
gram aixd Interpret the output 



9. VALIDITY (Optional) 



Detail and structure have to be sufficient 
to support Insights and conclusions 

t : . 

What matters Is^ the accuracy of comparisons , 
not falthfulriegs to the real world 

Example: If all travel tlnoies^are 10 percent 
hlght this should not malce' jatiy difference. 
(On the other hand,, It would be easy to fix) 



\ • 



t 
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References and^NoCes 




10. RECAP 



Computer's lob ; do the bookkeeping ^ 
User 8 job V 

• Build model; Xapec^f y how^ the system 
works \ V V ♦ 

— Analyze dVta: specify, the Hnd of data 
needed (anq, get it)^ , \ 

— Select critexia: sp^pify^Nwhat .is to be 
measured \ \ t " 

— Find alternatives: specif y kk^ policies 
to be tried ouj: in^ the si^ula\^pn 
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If too many sent 




If too few sent 



Triggers 
dispatch tojire 
and relocation 



RelocQtionf 



Fig. SF-I 
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LECTURE 

RELOCATJION OR MOVE-yP • • 

) FOR FIRE SERVICE AUDIENCES 

■ /* * * ■ ^ * 

Time: Approve. 40 minutes (demonstration extra) 

Objective: To indicate difficulties with a system of preplanned^ relocations 
and demonstrate a method for resolving the difficultiei*. 

Equipment^- Portable terminal with acoustic coupler for demonstration. ^ • 



Activity 


Refdrenees and Not e& 


1. 


INTRODUCTION: RELOCATION ISSUES 








• 


When should fire companies relocate (move up)? 








Hpw many shquld relocate? , ~ 










■ si ' 

Which ones? \ 

^ ^ ■ ^1 




' •■ ■ •• 






To where? 






2. 


PREPLANNED RELOCATIONS 






• 


Problems at high alarm rates 






> 




Several "all hands" fires ^n onetoart of 
the city can create- a "hole" -in qoverage 
as big as if there we^^re one sepond-alarm 
^ ' or third-alarm fire- 

— Company designated to xelocata may 
already be busy at a fire 

— Company designa.ted t;o relocate may be 

- ^ available, but moving it wptild create • 
another big hole in coverage 


\ . 

; \ • 

. K 
\ ■ 

^ \ 



Activity 



^ References and Notes 



3. NYCRI APPROACH 



) ■ 



^Answer the four questions posed In the 
Introduction, one at a time 

Separate (but same) calculations for 
engines and ladders (will use ladders as 
an example) 

Question 1: When should fire companies 
^ relocate? 

Answer: Relocate whenever some location In 
city has both Its first-due and 
second-due ladders unavailable , 
and they will be unavailable for . 
a period of time 

— , Define a ladder response neighborhood 

(RN) as all points in the city having 
the same first- and second-due ladders,' 
independent of order 

T- If both are \unavailable, and will be for 
awhile, the ^ is "uncov^^d" 

— Result: Relocate whenever there is an f 
uncovered PJ)J in the city 

— /This criterion maintains relative 

spacing of fire companies throughout 
the city (denser in some regions than 
others-) 

» ft 
Question 2: How many should. relocate? ' ' 

Answer: If inhere are atrj uncovered RJJs, 

fill the minimum number of houses 
needed to remedy the situation 



J 
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Activity 



References and Notes 



3. NYCRI APPROACH (continued) 

Question 3;* Which companies 'should move? 

• Answer: ChoosB companies to satisfy foua: 

* general principles 

» .. # . ■ 

(a) Don't relocate a company that will 
create a new uncovered RKT 

(b) Don't relocate' a company that is' 
"too busy" ^ • * " 

• First-due areas the s^e size 
More alarms around #2 
Same distance to X 

— If move #1, second-;due> unit will 
be the first-arriving i^nit in 
the first-due ar^a of #1 

— Similar if mpve #2 * _ , 

~ More likely tb have a fire near 
//2 

' — Therefore, pr^efer to move #1 . 

(c) Don't relocate accompany that , is' 
covering too large a region 

• First-due area of #1 larger 
Same number of alarms in both 
' ^ Same distance to X 

/ — Average first-due tra^^ time 

already higher area of j?l 

# ■ 

^ — If move #1, average travel 

time ^or second-due company to 
. respond to region Y/l will be 
much higher than in region #2 

— Prefer to move #2 




% ... . . 




.Activity 



3. NY.CRI APPROACH (continued) . 

Question 3 (continued) ' \ ■ ' 

(dj Dbn't relocate, a company "too fai^" 

• First-due areas of #1 and #2 
K - the same size 

Same alarm rate 
' '#2 is farther ^ 

— If relocated, #2 would be -out^f 
its region longer than iH would 
.V be 

~ Therefore, chance of missing an 
alarm in its regipn would be 
higher for #2 than for #1 

~ 'Prefer to move #1 

Note: Real cases' are a mixture of differ- 
• ent alarm rates, different sized 
areas, and c^dif f erent relocatign 
distances. Developed a "cost" 
fuifction that blends all these ^ 
things ^ 

. • Represents the expected average 
' travel time for f i'rst-^^arriving 
unit to alaritts in the area af- . 
fee ted by the moves (arjeas whose 
fi-rst-due travel times will be - 
changed) during the duration of 
the moves ^ 

' • Objective; Choose units to move 
h that minimize this "cost" 

• **Note: The cost function assumes 
that while the companies Ire re- 
locating they are not protecting 
either their own area or their 

• destination area » 

» . 

\ Questiori 4: Where do the companies move? 

Answer: Assign relocating companies to the 
houses being *filled so as to mini- 
- mize* tiie total travel time of the 
I relocating companies c 

i ' ■ . - ,■ ■ 

• ^*CaBt'^ will be higher than minimum, but 

only slightly ^ , 

• V Relocations will "look better" 



References and Notes 
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4. DATA NEEDED 

(a) For each firehouse 



Number and identity of units stationed 

there ; U ^ 

: ' 9 . 

' • List of RNs associated with. each of tfie 
companies 

• * 

• Size of each first-due area » in square 

. miles. „ ; 

• Alarm rate in each first-due area 
*(b) For each' RN 



, Size ^of area in which each of the two 

units is first-due > 

• ■" ' ' . 

• Alarm rate in each of the two areas -, 



(c) For, each^pair of houses. 



Travel time from one to the other 

(d) Parameters for relating travel tifae 'and 
area, so that travel times in each region 
can^be Estimated from their areas 



5.^ Applicability 



Method requires a rea:U:time computer to - 
make calculation basecTon the actjial status 
of all. fire compjanies 

Method can be used to generate relocations 
to be specified on running cards, in which 
^^se it is. not opiated in real time. (But 
hot all situations ^requiring a refocation 
are' ha^ed well by running cards) 

' ^/ ' * * ■ ' ■ 



References and No^s 



' A- 



V 



122 



J 



1 <P 



Activity 



References and Notes 



,6. .DEMONSTRATION OF ON-LINE RELOCATION PROGRAM 
SCENARIO 1 

This demonstration compares qianually developed 
. relocations with what the program does, reveal- 
• ing that neither way Is perfect.' Geography 
corresponds to the borough of the Bronx, In Islew 
York City ; - , 

MICS 

M-WVERIFY • • ' . r 

E"MNE^MNL,QNE,QNL 

1:R=E63,E62,L39,L32 
. S»l 



(CR) . . 

2:S=E38,E79,E48iE97,LSl 

il=EW,LW' 

DEP2P:D»EW,LW < . 



3:S=E75,E90,E.81,L46 



G-EW,LW 



Q-3 

U=DEP2P - 

DEP 2C : D-E 81 , QE63 ; E4 3 , QE62 ; E50 , QE79 ; E8'9 , QE9 7 f 
L46,QL39;L50,QL51. ' ' 

. (CR) ' , . 

3C:S-E75,E9o1e88,L37 
C=EW,LW ' ■ 



/* 
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7. .SCENARIO 2 



/ 



• Invent a^tfquenco of small f iriBs that loads 
to a need for relocation . 
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Re$f)onse neighborhoods 
shaded 



Legend: 47-54 means ladder 47 is first-due 
and ladder 54 is second- due. A 
response neighborhood corresponds 
to two ladders/ independent of 
their arrival order. 
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Fig.MF-2 — Ladder response neighborhoods in the Bronx 
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Fig. MF-4 • 
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Same number 
of alarms 



Alarms per square 
mib lower here 




House to be filled 
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. LEGEND : 

> 

O Fire station with all companies available 

Company has just been dispatched to a fire 
0 One company remains in a station which, 

usually hasrtwo companies 
# Station*^ is vacant by virtue of a previous dispatch 



LEGEND 



O Station is occupied by a relocated unit 

® StaibniM^cant by virtue of a previous relocation. 

► bispatoi . , . 

. Relocation 

■ Location pf a fire 



Fig. MF-8 
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LADDERS 



Program after 
2 hd alarm 

.■V 




LEGEND 



O Fire station with all companies available 
)8( .Company has just been dispatched to a fir6 
0 One company remains In a station which 

usuaily.has two companies 
# Station is vacant' by vi^ue of a previous dispatch 



LEGEND 



O Station is occupied by a relocated unit 

O Station Is vacant by virtue of a previoijs relocation 

Dispatch 
J^- Reto^on 
■ Location of a fire 



Fig.MF-9. 
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f^/ One company remains In a station which " ► Dispatch^ 

usually has two companies 7 ► Relo^cation 

• Station IS vacant by virtue of a previous dispatch ■ Location of a. fire 

Fig.MF-10 
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LADtjERS 



Running, card after 
2nd alarm 




o 

96 



LEGEND 



Fire station with all companies available 
Company ha$ lyst been dispatched to a fire 
One company remains in a station which 

usually has two companies ' 
Station is vacant by virtue of a previous dispatch 



LEGEND 



Station is occupied by a relocated unit 

Station ^$ vacant by virtue of a previous relocatidn 

Dispatch 

Relocation ' i . 
Location of a fire ^ 



Fig.MF-n 



Program after " 
^rd alarm 




LEGEND 



o 

0 One company remains ln% station which 

usually has two companies 
# Station is Vacant by virtue of a previous dispatch 



Fire station with all companies available 
Company has just been dispatched to a fire 



O 
® 



LEGEND : 

\ . . ' C>H 

station IS occupied by a Yelocated .unit 
S{ation is vacant by virtue of a previous relocation 
Dispatch ^ . 

Relocations ^ 
Location of a fire v , ^ 
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Fig . MF- 12 



Program afi'er 
; 3rd dlqrrh 




LEGEND ; 

O Fire station with all companies available 
)8( Company .has just been dispatched to a fire 
. 0 One company remains in a station which 
usually' has two companies 
# Station ^s^vacant by virtue of a previous dispatch 



LEGEND 

El ' ' ' • " ' ' 

O Station ts occupied by a relocated unit 

® iStation is vacant by virtue of a previous reiocation 

Dispatch v 

^ Reiocation 

■ Location of a fire - 
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LEGEND : 

^ O ^ Fire station with al! companies available 
^ Company has just been dispatched to a fire 
0 One conlpany remains in a station whfch ' ^ 

^ ' usually has two companies 
# Station is vac^t by virtue of a previous dispatch 



LEGEND ; 

Station is occupied by a relocated unit 

Station is yacant by virtue of a previous relocation 

Dispatch 

Relocation 

Location of a fire 
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LACjiERS 




LEGEND . 



O Fire station vyhh all companies available 

)8lf Company has just been dispatched to a fire * 

0 One company remains In a station which 

usually has two companies 
# Station is vacant by virtue of a previous dlsp«tcl\ 



LEGEND : 

Station is occupied by « relocated unit 
# StalSon is vacant by virtue of a previous relocation 
-1^ Dispatch ' . 

^ Relocation 
■ Location of a fire 
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LECTURE IF 



INITIAL DISPATCH • 
FOR FIRE SERVICE AUDIENCES 

Time: Approx. 40 minutes 

Objective:' To show the .students (a) that the history of alatfms at an alam 
box can. provide, valuable Information for determining the number 
of units to be dispatched to a box alarm, and (b) that sometimes 
the closest unit may not be the best to send. . 



Activity 


References and Notes* 


!• INTRODUCTION " / 


\ , 

1 . • ■ . ■ ■ ■ 


• How many should bo sent? 


— Different cities have different policies 

~ When alarm rate is high, city might, want 
to reduce iits normal response to con- 
serve resources 




— There is a way to do this rationally 




• Which ones should be sent? ^ 




^ Always send closest when alarm ratev is 
% low - 




If alarm rate is high, this policy is 
not necessarily the best 





140 



Actlvlty 



References and Notes 



2. HOW MANY? 



(h) Objectives 

• Try to send what; is needed 
« /* ■ ' 

• Get all units needed to the scene as 
rapidly as possible. 

Don't have units make too many unneces- 
^ . saf y responses 

(b) How alarm is received is Important 

^* Telephone - receive information that 
helps dispatcher decide 

• Box - little information to go on 
- therefore, will restrict discus- 
sion to how many to send to box. 

alanna 

(c) When is there a decision? 

• May want to hold back resources (not 
send full response) if alarm rate in 
region of incoming alarm is high enough 
so that the chance of having two alarms 
in progress at one time is not negli- 
gible (say 25%) 

(d) The tradoff: Use...s4|^d 1 ladder versus 
send 2 ladders as example 

• Send 1 and need 2: 

— second ladder delayed 

— increased loss at fire 

• Send 2 and need 1: 

— ' second ladder unavailable for 
ianother alarm (only important if 
there is a good probability that 
there will be another alarm while 
it is responding) 

— makes unnecessary response 



2. HOW IIANY? (continued) 

(e) /Approach: Considers up to four fact;bts 

(1) ,The probability that the incoming alarm 
is serious | * 

— • the greater the probability, fcha more 
units dispatched • 

there are usually predictable bok-to- 
box variations in probability serious, 
e.g.; boxes 2277 and 2209,in Bronx 

this is the most important factor to 
consider 

: - using tlvis factor, can modify run- 
ing cards—add to manual dispatch- 
- system (e.g., NYC's adaptive 

response) ' « 

(ii) The expected alarm rate in the area sur- 
rounding the alarm 

~ the greater the alarm rate, xhe fewer 
units dispatched 

--implies that dispatch policy tp the 
same location might vary by- tiii^ pf 
day- \ ^ 

' (iii) The number of units available in the 
area surrounding the alarm 

~ the more units available, the more 
I units dispatched 

~ if you want to include this factor, 
probably need a cbmputer to keep 
track of status 

^y) -The workload of the companies involved 

— the higher their workload, the fewer 
units dispatched 

(f)^Method: Use a "cost" function to blend all 
the factors, then" (for example) 

, — send 2 if cost is less than cost to 
send 1 

— send 1 if cost is lowftir than for 
send 2 
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Activity 


Heferencea and Notes 


V \ 

2* HOW MANY? (continued) j * 


' • .. \ ■ 


(g) Data needed if use all 4 factors in mking 
dqcision 




(i) For each alarm box 




Ordered list of closest engine and 
ladder companies ^ i 




• Estimate of the pr^ability that an *b ^ 
incoming alarm from the box signals 
a serious fire (estimation procedure 
takes Into account alarm history of 
box and alarm history of neighboring 

. boxes) 




(11) For each fire-fighting company 


• Expected alarm rate in its first-due 
area 




Number of responses made during some 
historical period 




• Its current stat:us (implies need for 
"an on-line computer) , 




(ill) Way to calculate travel time between any 
house-alarm box pair 


« 
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Activity . 


References and Notes ' 


3, WHICH? 






Sending closest not always best* Not 
sending closest can 






— Dalance workload among companies 






* \ * 
~ provide faster response to alarms 




m 


Overly simplified ^axample: 


% '■ . • ■ 


m 


City w\th 2 companies and a send 1 dispatch 
policy \ 






Region A high alarm^rdte 






Region bV- low alarm rate 






— Fire ik closest conqpany policy would 
^^dispatca Company a * 


• 




— - Suppose Fire 2 while Company a la hu^y: 
, Company bXmust respond 






— If send b ZQ. Fire 1 (near boundary), 

then a is available to respond to Fire 2/ 
Net reduction in total response time 
(also, betterXbalance in workload) 




m 


Note: this policyv appropriate only when 
overall alarm rates\ are high ^ 





(I \ ^ ' *• 
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Activity 



References and Notes 



4. SCENARIO 



Illustration of tlie circumstances under 
whlcji analysis will suggest different 
choices 5pr .initial dispatch. The actual 
locationsXof ladder companies and alarm 
rat^s in various parts of the Bronx were 
used in conWructing this scenario* 

At the start \>f the scenario, ladder compa- 
nies 48^ 42, ^pd 44 have been dispatched 
to serious fires 

An inciden^ |.s reported by box alarm at box 
2267. Recbmmended dispatch is two ladders* 
Ladders 17 $nd 55 are dispatched 

ikiother incident is reported by box alarm 
at' box 2224 

Now, because of unavailabilities in the 
area and a low probability of a serious 
fire at box 2224, the recommended dispatch 
is pne ladder 

Ladder 17-2 is dispatched and subsequently 
returns to quarters after finding a false 
alarm at box 2224 

Now a box alarm occurs at box 2574. Al- 
though the closest ladder companj)^ is busy 
(as was the case at box 2224) , the recom- 
mended dispatch is two ladders in this case. 
Box 2574 is more likely to have a serious 
fire than box 2224 \ 

At this point, the unavailability o^ lad- 
ders, are as bad as if there were a thi^d- 
alarm fire somewhere between ladder 55 and 
ladder 19. Relocations should he made \ 

An incident is reported by box ^larm at box 
2276, which is riear box 2267. If reloca-\ 
tions have not been made, one ladder should 
be dispatched 4 If relocations have, been \ 
made, two ladders shoiCLd be dispatched ^ 
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Bronx 
box 

number 


Predicted 
percent 
structural 
(•67-'69 data) 


, --x . — [ — ■ ^ 

Actual 1970 Data 


Alarms 

/ 


Structural 
fires 


. 2277 
2209 


0. 4 • 
31.8 


96 
94 


0 
25 



Fig. IF- 2 — Structural fire predictions for two alarm boxes 
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9 AVAILABLE 

O UNAVAILABLE 

^ LOCATION 
OF FIRE 



Fig.lF-3-— A problem with the' traditional dispatching policy 
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REGION A 
High Alarm Rate 



REOi ON B _ 
Low Alarm Rate 











Fire 


1 




^ * 








Company "b" , 


- . Company "a" 
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Fig. IF- 4 
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Firf station with ail cornpanies available 
Company has just been, dispatched to a fire 
One compapy remains in a statl(?h which 

usually has two companies 
Station Is vacant by vfrtue of a previous dispatch 



LEGEND : 

Station is occupied by a relocated unit 
® Station is vacant by virtUl of a previou$ relocation 
^ Dispatch - - . 
^ Relocation . « . 

■ Location of a fire 



Fig. I — Status of Bronx ladder companies at the start of the scenario 

■ .'.150' "• / ■ " , 



IF-12 



-148- 



LADDERS 



* 

1 




* 0 



LEGEND : 

Fire station with all companies available 
Company has just been dispatched to a fire 
One company remains in a station which 

^ usually has two companies 
Station is vacant by virtue lof a previous dispatch 



® 



LEGEND : 

Station is occupied by a relocatec 
Station is vacant by virtue of a previous relocation 
Dispatch ^ ^ 

Relocation 

Location of a. fire « . 
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Fig. — StahJS of Bronx ladder companies after Box 2267 is dispafched 
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LADDERS 




if 



o 



LEGEND : 

Fir^station with all companies available 
Company has just been dispatcr\pd to a fire 



0 One company remains Ift a^statlon vyhich 



usually has Jtwo companies 
Station is vacant by virtue of a previous dfspatch 



LEGEr4D : 

Station Is occupied by a relocated unit 
Station is vacant by virtue of a previous relocation 
Dispatch 
Relocation 
Location of a fire 
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Fig. IF- 7 — Status of Bronx ladder companies after Box ^74 is dispatched 
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Running cord after 




* LEGEND: 

O Fire station with all companies available 
)Si Compahy has just been dispfitched to a fire 
0 One company remains in a station which 

o usually has two companies 
# Station is vacant by virtue of cT previous dispatch 



^ LEGEND: 

Station is occupied by a relocated uni|^ 

Station Is vacant by virtue of a previous relocation 

Dispatch 

Relocation » _ 
LjOcation of a fire 
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Fig. IF- 8 — Status of Bronx ladder companies at tirne of relocation 
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■ * ' LECTpBE AP 

' ^ • ^^LOCATION OF POIilCE PATROL 

Time: Approx. 40 nlinutes 

Objective: To provldd an approach to answering. the question of how many 
patrol cars to assign to each command >y hour or touxTt 



Activity 



1. INTRODUCTION 



Topic is how^many patrol cars to assign to 
each command by hour or toqr 

''Command" Is a general term for an 

administratively ^separate geographical 
^ area of the city. Variously called f 
precinct, division, district. Unit, 
or area 

~ A single patrol beat or sector Is not a 
command." A command can be character- 
ized^ by the fact that If all Its patrol 
cars were busy, a low-prlorlty call for 
service would be queued 



2. PRIORITY STRUCTURE 

• Find out what types of calls are actually 
handled by dispatchers as high priority 
(every effort will be made to locate a car 
to send Immediately, even a supervisor or 

^out-of-command car), medium priority (If 
In queue, will be dispatched as fast as 
possible), and low priority (can wait for 
dispatch) 

• It doesn^'t help to think about AJHlch calls 
should fall in each priority Ifevel, unless 
the intention is to chaiige thi practices 
of dispatchers V^_/ 



References and Notes 
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Activity 



^References an^ Notes 



3. ESTIMATING CJ^L-FOR-SERVICE WORKLOAD 

e Need to know how many car-hours will be 
required to serve calls for service in 
each priority class in each hour of the 
day ("workload") ' 
* ' ' 

• This can be done by estimating the number 
of calls in each class and the service 
times separately, and multiplying these 
together. Or estimate workload directly 
from workload data 

• ■ 

• Possible estimation methods 

— commercially available computer pro- 
grams (e.g., LEMRAS) 

— average over past few weeks, adjust 
for. seasonal trends 

— . graph and extrapolate 

Estimates don H have to be superraccurate 
to be useful. Don't get wound up in try-' 
Ing to improve accuracy of predictions 

Collept data from dispatcher's positioni 

Commands found to have unusually long 
service times may have a management 
problem. Don't Just allocate more cars 
to them 
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Activity 



4. ESTIMATE "EXTRA" UNAVAILABILITIES 

• f * average fraction of a car'is toua? that 
the car is unavailable for dispatch for 
reasons other than dispatch to a previous* 
call . ^ 

~ Includes tnealS^ maintenance, patrol- ^ 
Initiated activities^ arrest process- 
V. ing, etc, . 

Include time In court If this Is only 
part of a tour 

• f may vary by copiand. In a given command , 
f may vary with call-for-service wtjrkload 

• Collect data at dispatcher's position 

• Draw graphs, calculate . averages . 

5 . SET LIMIT ON QUEUING 

• Fraction pf all calls queued 

• Average waiting time in queue for 

— middle priority 

— low priority 

• Overall average waiting time ^ 



Refetances and. Notes 
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Activity 



RefTences and Notes 



6* NUMBER OF CARS NEEDED TO PREVENT QUEUING FROM 
EXCEEDING LIMIT 

• Consider a particular coimnand and a partic- 



ular hour of the day 



\ 



N » nuniber of cars to be fielded (we will 
try different values of N until we find the 
right one) . 



(l-f)N « effective. number of cax^ fielded 

(l-f)N must at least equal th« estimated 
call-£or-8ervlce workload In car-hours 



^ Start with N « next Integer bigger than 
(workload) /(1-f) 

^ ^ See If ({ueulng Is li^elow specified limits 
with (l-f)N cars ^ 

— need graphs > tables* formulas^ or a 
computer program 

^ If not, Increase N by'l3ne car and try again 

• Keep going. The first N that works tells 
how many cars are needed for queuing pur- 
poses • " 

M 



7. EXAMPLE 

How many cars arle needed to assure that less 
than 10^ of calls are (delayed In a command 
having 3.9 car-hours of work per hour and 30% 
of each car's time spen|t. unavailable for rea- 
sons other than calls for service? 
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Activity . ' 


References and Notes 


8. .CRITERIA OTHEIR I^HAN QUEUING 




• See if the 'value of N chosen above is big 
enougn so tnat ^i—t^N ertective cars give 
reasonable values for ^ ^ 




averaee travel time 




— average patrol frequency ' 




— patrol per outside crlffie 


• 


(whatever you care aVout) 




• If not, increase N until these other cri- 
, teria are met " 




9. COMPARE WITH THE SIZE OF THE PATROL FORCE 




• Add the values of N (found above) across 
commands, or across hours of the^ciay, or 
both 




• Do you have enough men to field that many 
car-hourip? 




— If no, some constraints must be relaxed, 
or some categories of calls must be 
screened out (no unit will respond) , 
or the "extra" unavailabilities must be 
reduced by administrative change 




— If yes, the extra cars can be allocated 
to commands op tours so as to minimize 
citywide average queuing delay. Or the 
extra cars can be assigned to special 
activities 

/ . » 
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Activity 



RefBrences and Notes 



10, COMPUTER PROGRAM ' . 

• Computer program Is available to perform 
these calculations 

• Descriptive mode . User decides how many 
patrol cars are to be on duty in each com- 
mand during each tour. I^rogram displays 

— Percent of time cars are busy on call- 
for-servlce work 

— Preventive patrol frequency 

— Average travel time 

— Percent of calls queued 

— -Average waiting *tlme in queue, by ^ ^ 
priority level 

Average^ total response time * ^ 

• Prescriptive mode 

(a) User sets limit 6n any of the measures 
listed above. Program calculates mini- 
mum number of cars needed 

(b) User specifies total car-hours that can 
be fielded. Program allocates them to 
tours or commands or both so as to 

, mihimize v 

V , — average percentage of calls placed 

in queue 

— ojc," average waiting time for some 
priority level 

^ — ££> average response time 
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Activity 



ReferBnces and Notes 



11. DATA NEEDED FOR PROGRAM • 

• Hours of the day at which tours be^in. One 
tour can be an overlay , • 

• Call rates and a^rvice times by hour 

• Response and patrol speeds of cats 

• Number of outside crimes 



'Unavailability parameters 



12. TYPES OF. POLICY I?SUES THAT CAN BE ADDRESSED 

• . Number of patrol office^ needed to meet 

standards of performance 

• Whiph calls to "screen out" to improve 
performance levels with fixed resources 

• Allocation by time of day within each com- 
mand 

• Possible benefits of an overlay tour 

• Where to assign new recruits^ 

• Deployment of a mobile patrol team (moves 
to different parts of the city from week 
to week) 



13. ADVANTAGES 

Easy to use, once data are collected 

* Inexpensive to run on the computer 

14. DRAWBACKS 

• Calculations are approximate 



User must estimate call rates and service 
times for the futnre 

No information about variations within a 
command 
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f - .30 
1-f - .7 
Warkload -3.9 
Workload/ (1-f) 



- 5,57 



Next integer 


. Effective 
number of 
cars 


Percent 
of calls 
delayed* 


6 ' 


4.2 


■ 1 

86 


■ 7 . 


•4.9 


56 


8 


5.6 


36 


9 


.6.3 . 


22 


10 


7.0 


12.1 


11 


^7.7 


7.3 


Stop. 







From tables, graphs, or computer pro- 



gram. 



Fig. AP-1 — Example of allocaHon cakulaHon 
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, LECTURE BP 

. . BEAT DfiSIGN_ 

FOR POLICE SERVICE AUPlEilCES 



this Is an optional. added topic for Lecture AP 



Time: Approx, 15 minutes . ^ 

Objective: To describe an approach to designing police patrol beats or 
sectors 



. Activity: 



li INTRODUCTION 



Topic is how to design patrol beats or 
patrol sectors: the areas covered by a 
single patrol car ; ^ ./ 

The number of patrol beats in a commsoid is 
determined from the allocation analysis 

Therefore, beats may change by time of day 



RULES OF THUMB 

* Shape of sector doesn't matter much, as 
long as it's compact. > 

If travel speeds differ in* two directions, 
the long dimension of the sector should be 
in the direction of the higher speeds 

If beats don't overlap, the fraction of dis- 
patches that ,are interdistrict (across beat 
boundaries) is at least as high as the frac- 
tion of time the average unit Is unavailable 

Unit's workload is not equal to the workload 
generated in its beat 

Burden of central location 

— ' Shaded parts* of the command have many 
calls for service • 

Number of calls for service 'is not high 
/ in the center 

~ Gar in the center is very busy because 
it is the dispatcher's second choice for 
all the busy beat 6 
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Activity 



3. HYPERCUBE MODEL > 

t frt Permits calculation of performatice char- . 
. acteristjLcs for trial beat designs. You 

have tb work out the trial designs; program 
doesn*t help 



"X- 



Requir^ data ' ^ 

— Divide city into small areas (smaller 
than a beat) 

— ^ Call-for-service data for the small 
ar^as 

— - Some way to estimate travel times 
between small ar gas 
^ coordinates of centers 

• • experimental tr jLpd* 
• • estimates of local officers 
computerized road network 

Performance measures calculated for each 
beat design-^ 

— Regionwide average travel time 

— Regionwide workload imbalance 

— Fraction of dispatches that are inter^ 
district 

— Workload of each patrol car 

— Average travel time to particular loca- 
tions 

r- Average travel time in each beat 

— Average travel time of eacll patrol car 

— Fraction of responses in each beat 
handled by the beat's assigned car 

— Fraction of each car's responses that 
take It out of its beat 



4. EXAMPLE OF APPLICATION 

* First map and table siibw original design 
of beats (called sectors); 



Second set shows final design 



References and Notea 
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Activity 


References and Notes 


5* ADVANTAGES ^ / . v 


* 


• Easy to use, after data have been collected 




• Can handle overlapping beatsr, sergeant's 
csars, fairly complicated dispatching poli- 
cies 


» 

* . ■ ■ ' ■ 


• Inexpensive to run on a computer' 




6, DISADVANTAGES 

• Assumes one car dispatched to each incident 






• Not well .suited to handle priorities ^ * 

■ . , ■ \- ■ 





V 

S 
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Maximum vOrkload Imbalance = 26% 
Region-wide average travel time - 3,402 minuteb 
Average travel time for queued calls = 5.178 minutes 
Fraction of dispatches that are cross-sector = 0,485 

Profile of Patrol Unit Opera t ions 



Patrol 
-Unit No. 


Workload 


% of 
Mean 


Fraction of Dispatcnes 
Out of .Sectoi* 


% of 
Mean 


Average 

Travel 

Time 


1 


0.519 


103.8 


0.539 


111.3 


3.432 


2 


0.559 


111.7 


0.576 


118,7. 


3.378 


i 


0.496 


99.2 


0.477 


98.5 


3.090 


4 


0.490 


98.0 


. 0.425 


87.9 


3.180 




0.428 


85.7 


0.373 ■ 


77.0 


3.978 


6 


0.507 


101.5 


. ' 0.487 


100.4 


3.414 


i 

Profile of Sector Operations . 



Sector 
Number 


Fraction of 
District's 
Total Workload 


% Of 
Mean 


Fraction of 
Dispatches that are 
Cross-Sector 


Average 

Travel 

Time 

..1 1. »i 1 ' 


1 


0.160 


' 96. i 


0.503 


3.312 




0.1^2 


W3.6 


0.542 


• 3.120 


3. 


0.166 


99.7- 


o.4dr 

* 


3.324 


4 


0.178 


106.9 


0.474 


3.258 ■ ^ 


" 5 


0.152 


91.3 ^ 


— r 

0.412 


4.218 


6 


^ 0.170 


102.4 


0.491 


3.258 



Fig. BP-3 
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Maximum workload Imbalance = 5.48% 
Reg ion wide average travel time » 3.426 minutes 
Average travel time for queued calls » 5.178 minutes 
Fraction of dispatches that are cross-sector = 0.483 



Profile of Patrol Unit Operations 
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Profile of Sector Operations 
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PREFACE 



The development, documentation, and field presentation of this 
course was perf<^e^ under a contract with the Oflfice of Policy, Develop- 
ment and Research of t^fi^/s. D^^rpment of Housing and Urban Develop-- 
ment {HUD)-->CQntra^ for the Developmejnt , Field Testing, and Documenta- 
tion of^ Management Methodls for Emergency^ Services for Local Agencies."' 
This contract and^ earlier contVacts between HUP and The New York Gity- 
Rand^stitute involved Work with city agenci;es designed to improve the 
deployment of their emergency 'service units. Prior to beginning such 
worlc,\a/training course was often pres'<^nted to ageijcy and city officia^ls 
a^d to local analysts. * .* ^ 

, This course outline provides lesson plans and visual aids for thesd 
lectures so that they pan be presented by anyone who already understands 
the^subject. Refereoceij to the appropriate souf ce iflatey iala are also y 
provided. Potential audiences for the course include fire service -ad- 
minis tra^orWnd planning officers, police patrol adiriirtistirators and 
planning offi^rs, ambulance .agency personnel, city officials, opera- 
tions research analygts, and mixtures of these groups. " v 

This instructor's Wnual may also b6 use^ful-to individuals who - 
wisll to undertake a^self-di^^rected study of depioymept analy^is^ for • - : 
emergency services. The literature ih this .field is quite extensile 
and includes methodological reports, desctiptf^Dns of computer -^programs , " 
and^se studies of applications o^ deployment analysis in par'tiqular 
cities.* Therefore, it may be dif|J.culf for the student to >determine* 
.which papers are jTs^^ted to jphe subject he washes' to 'learn and which 
ones^ should be read ahead of others. By- following this . dours^ outline, 
it Is possibljp:^to determine 4 suitUjl^e sequence in ihlcsh to study the 
various documents and to gain a ||i(^al notfori'of th^ contents of each 
of tl:\em in advance, 



o£ the 



Instructors teaching from this manual may wish to <^^p>ly* copied 
e l^cttsre note§r to their students, in wjiiph case C^6y 'should * 



>order« theNfbllowing companions ^ept)rt frdm the Pu^licatlofis Department 
' of^he Rand Corporation: • ' 



R-1784/2r-HUD, a\ Training CouvQc in Deployment of Emevgenoy 
Servioe^: Stu^Stlit.^^ Manml. \ ^ • 



The 'student ' 8 manual is not suitable for self-direc 
only be prdered in multiple copies for members of 




it. should 



} 



\ 
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INTRODUCTION 

V - - • * 1 

This report has been prepared to assist Instructors who Wish to 
present a one- to five-day course in deployment of emergency services. 
Potential audiences include fire servide administrators and planning 
officers, police patrol administrators and planning officers, ambulance 
agency personnel, city officials, operatij^ns research analysts, and 
mixtures of the^ groups. Included are lesson plans, references, and 
examples of visual aids that can be used^ ' ° . 

The authors have tested thes6 outlines by presenting lectures, based 
on them at least once, and several of the lectures have betfn presented 
on many occasions ip approximately th6 same' form by several members of 
The New York City-Rand Institute staff. . - 

To prepare a course from the lecture notes, it ig necesaary to* 
select the lectures that will be prersented and the order of presentation. 
Under no circumstMceaf would all the lectures "be given t6 one audience, 
since there are pairs of lectures (identified by the same first initial) 
that cover the same topic from different perspectives; The'second ini- 
tial of the lecture Identifier indicates whether it is intended for a 
fire ^service audience (F>, a police service audienc^' (B) , or a generdl 
audience (G) . • ' • • 

A suitable sequence for a course to be given to a fire service 
audience in three "days (or, pref e'irably, somewhaf over five half-days) 
is -as follows: * . ^ . . 



Lecture OF: Introduction\nd Overview - 

Lecture RF: Rules of Thunib • . ^> . 

Lecture DF: Data Analysis ■ 

Lecture AF: Allocation of Fire Companies 

.Lecture LF: Locating Fire "Stations ' 

Lectur& ?F: » Simulation \ "^1 v. . 

Lecture MP: - Relocation or Move-up ^^ ; 

Lecture IF: Initial Dispatch , * . " 
[Not included]:^ 'case study of application in aonie city 

■ . ■- . " .18a . . r - 
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*For an audience representing several types^ Emergency service ^ 

agencies, a suitable sequence at the start of the course is: 

♦ 

Lecture OP: Introduction and Overview (police) 
Lecture RP: Rules of Ihumb (police) 

Lecture CG: Characteristics of Emergency Services N 

Some lectures have been prepared under the assumption that they 
will be preceded by certain other lectures. The overview and rules 
of thumb (either OF and RF or OP and RP) should precede any other lec- 
ture; allocation (AF or AP) should precede fire station location (LF^) , ^ 
or beat design (BP). Lectures on data analysis and simulation for - 
police audiences have not been included in this report,, but lectures 
DF and SF may be useful to the instructor in preparing materials on 
these topics. ^ ' . 

Each of the lectures has been prepared using the same format. 
The content of the lecture is preceded by an estimate of the time that ^ 
the lecture should last, the objective of the lecture, and, if appro- ^ ^ 
priate, a list of special equipment that. is needed for the lecture. 
The outline of each lecture is presented on a page that is divided into 
two parts. The "Activity" part describes the items to be discussed. 
The "References and Notes" column refers the lecturer to sources of 
more informat^-on on the subjeht (the full references are given in the 

Bibliography at the end of this report), identifies .visual aids that 

>* 

might .bee used at that ppint, or provides suggestions designed to help 

the lecturer in his presentation. 

We have found that including a lecture desorlbirig an actual deploy- 

ment study that was conducted in some city (preferably delivered by . 

someone from that city) can be very helpful. In f^ct, the one consis- 

tent comment from those who have taken the course was tWe importance ^ 
"Of case. studies. If it is not possible to obtain a guest lecturer, 

one of the case studies indicat;ed by an asterisk (*) in thg Bibliography 
^will serve as a starting point for preparing such a lecture. However, 
•someone in the study city should be contacted for the latest develop- 

ments. Appropriate addresses are given in many of the case studies. 
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Th-e case study sliould be selected before the course begins/and 
some indication of the types of deployment changes $;iiat resulted from 
the study should be presented at an early point, possibly even before . 
Le<;ture OF or Lecture OP. 

Aflother frequent comment from those who have taken this course con- 
cerned the desirability of students having personal eopies of the lec- 
cture notes. SUCh notes can be kept in hand during the lecture, thereby 
eliminating the necessity for the lecturer to prepare slides of the vis- 
ual aids, or they may be simply a permanent record of the material colled 
in the course, to be used outside the class.. For these purposes we have 
made available a student's manual as a companion to this report; it dif- 
fers from this volume only Iq that all text in the "References and Notes- 
section of each lecture has been removed. This leaves spac**e for the 
student to record whatever he feels is appropriate and permits the in- 
structor to select or modify the visiial aids and references, since they 
are not specifically cited in the^ studen-t 's manual. 



\ 
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LECTURE OF 



INTRODUCTION AND OVERVIEW 
FOR FIRE 3E^^ICE AUDIENCES 

Time: Approx. 40 minuted ^ \. 

Objective; To provide an overview of the f^Lre Service 
discussed in th& course, and to\provide .an 
systems analysis, \ 



Activity 



INTRODUCTION 



• Explain naturie^ of course, audience, and 
objectives 

• Describe schedule for entire course < 



2. DEFINITION OF "DEPLOYMENT ANALYSIS" 

• ' Strategic Issues 

— How many companies on duty 

may vary by time of day or season 

— How divided among subreglons of city 

— Where stations are located ^ 

~ Nature of vehicles (engines, ladders, 
foam units, etc.); manning 

— Manpower scheduling *' 

• Tactical Issues , ^ 



— (Not flreground tactics) 

r- Number and types of companies dispatched 
to an alarm 

may vary with time of day,' location 
of alarm, current situation, 
ff available information 

— WhjLch units to dispatch 

— Relocation (move-up) 

• • when needed 

. • how many companies mpve 

• • which ones move ' 



ptoblems'that will hi 
introduction ^to 



\ 



Refeirences and Notes 



Follows Chalken anjl " 
Larson , Methods for ^ 
Allocating Urban 
Emergency Uni^ts and 
Chalken, Ignall, and 
Walker^ Deployment 
Methodology for Fire 
Departments . ^ 
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Activity 



References and Notes 



3. 'STEPS IN "SYSTEMS ANALYSIS" 

(A systematic approach tp solving problems) . 

Identify the problem 
Select objectives 

Define criteria to be used to evaluate 
alternative policies 

Design alternative policies 

Select models to be used 

Collect required data 

Compare alternatives using criteria 

(Return to an" earlier step) 

Test out and implement final choice 

4. ' PROBLEMS 

- ^ 

• This course will deal with the strategic 
and tactical Issues of deplisyment analysis 



5. 



OBJECTIVES 

May be several. Some, of the most common ate: 



Improve fir 
resources 



ptectlon levels with same 



Maintain fire protection levels with less 
resources • 

■ ' > . ' \ ' 

Decrease workload while maintaining fire 
protection levels 



See Quade, Analysis 
for Public Decisions 
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Activity 



RELEVANT CRITERIA (PERFORMANCE MEASURES) 
(Used to tell if one policy is better than 
another policy) 

• Time unbil dispatch of companies 

• Turnout time 
Travel time 

Can be average or maximum or something 
^Ise ' 

— To first-arriving company, 

max (first engine^ first ladder )«, 
mdx (all companies needed) , 

or other measures of travel time 

' » ft 

^ Setup time 

The above four constitute "response time." 
Usually must pay attention to the largest one. v 
Deployment analysis focuses pn changes that can 
affect travel time. . ilf 

• :^ 

• Co\^Evage me^ures 

• Workload balance ' 

• Insurance grading standards? 
♦ 

• Cost 

Why not lives lost, property lost? 

• , Hard to measure ^ 

• $Ieeds research to be able to estimate 
changes (relationship not known 
precisely enough) - 

• We us^ suitable surrogate measures * [ ' 



References and Notes 



Figure OF-1 

Explaii> each t4.me 
interval 



Generally sefe 
introduction to 
Carter and Ignall, 
A Simulation Model of 
Fire Dfepartmerit Oper- / 
ations: Design and 
Preliminary Results 

This issue will be a 
source of confusion 
and doubt later, unless 
handled in sufficient 
detail ajt this point 



Activity 



References and Notes 



7, ALTERNATIVE POLICIES 

• Include base case (for comparison) 

• Take political and economic factors into 

, accound (including communi'ty and labor union 
concerns) 

• Alteratives may be suggested by fire 
department or city personnel, or may come 
from mathematical models 

8. MODELS • * • ^ 

: . ■ ■ /• 

Purpose: To introduce terminology, not to * 

illustrate any particular models 

• Def inition: abstraction of reality.. Used 
to gain insight into and answer questions 
about the real world. Easier* safer, and 

' ^ . less costly- to use than manipulating real 
world. 



Empirical models 



Fit to data 

. . May have no explanation 

. . May be mathematic^ly complicated 

— Examples • , . . 

.. S^agp^ fit to alarm rate by time 
of Iday 

.. How long to travel a given distance 



Chance that an alarm at a particu- 
lar location is serious ^ 



To be discussed next 



Draw histogram and 
curve 

Draw representative 
^^ui5ve,%)Ut don't 
dlecuSs its shape^^now. 
Fjkure OF-2 



I 
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Actlvity 



References and Notes 



.8. MODELS (continued) 



Descriptive analytical models 

• — Using sitaplified assumptions, some kind 
of mathematical formula is derived to 
permit estimating some performance^ 
characteristic (s) 

~ ^he numbers that go into such a model 
may come ^om empirical models 

— Examples 

... Knowing number of engines and 

ladders on* duty, estimate average 
response^istanl&e , ' 

.. Knowing where ^f^ires ar^ and how 
many units dispatched,"" estimate 
.number of responsjes for each unit 
(workload) 

. . If fxre station is moved, what 
happens to response time 

ptimization mo^^s (prescriptive) ^ 

Tell how to achieve the most or tfie 
least of some tiding 

E3camples ' ' 

.. What is the least number d£ engine 
stations needed so that each loca- 
<«^on is within 3/4 mile of a 
station? ^ 

. . How should 17 stations be located 
^ so as to minimize average response 
time? 

. « What is the smallest number of 
engines needed to relocate on a 
iBecond alarm (if specified coverage 
is to be achieved)? 



Figure 0F-t3 
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Activity 



1^ ▼ ' 
Refer ancQB 'and ^Notes 



"^^ 

8.^ MODELS (continued) 

• Simulation models 



— Imitate operations *step by step 

— Collect all kinds of statistics 

— Can be extremely accurate 

— Doesn't \telX you what to do 

— Things you try will be suggested by other 
models 

— 'Likely not to be useful until close to 

the end of analysis; but have] to start 
early to collect data 



V 



9, ^-TE6HNICAL ASSISTS TO DEPLOYMENT 

• Computer-assisted dlspat<hi 

• Digital communication with fire mil 

— Status 
. * — Inspection Information 

— Location of fire, hydrants, 6tc.. 
y/' — Screen or printer 

• J?ackaged systems for collecting, summarizing, 
or projecting alarm rate Information 



Thc^se are examples of 
Items not discussed 
further In this course 
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Travel distance 

NOTE: The scale on each axis will vary from city to city . 



\ 



Policy 
alternative 





Model 









Values of 
performance 
measures 



Fig. OF -3 — The role of a descriptive model in deployment analysis 
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LECTURE RF ^ 

^ ^ JOULES OF THUMB 

* EPR FIRE SERVICE ADETtENCES 

" ^ ■ ■ ■ 

Time: Approx. 50 minutes 

"Objective: To provide ^some easy to learn, easy to apply formulas and rulfes 
used In deployment analysis • • 



Activity 



References and Notes 



1. AVERAGE NUMBER OF COMPANIES BUSY 



2. 



'AV. -NUMBERX * /AV* NUMBER PF\ i 
OF ALARMS I x (cOMPANY-ftOURS ) 
PER HOUR / . \ PER ALARM / 



• Example " 

4 alarms per hour (all types) ' 

30 minutes average timd* out-of-servlce 

1.2 engines per alarm, average 

4 X (0.5 X 1.2) - 2.4 engines" busy on 

average 

• AVERAGE NUMBER 6f COMPANIES AVAILABLE 
" TOTAL NUMBER OF COMPANIES 

- (AVERAGE NUMBER BUSY) 

/average TRAVEL DI STANCE \ ^ 
\ in a region / " 

(CONSTANT^ J AREA OF REGION 

(CONSTANT) X Yno. COMPANIES AVAILABLE 

• Introduce notion of square root simply, 
via 3"^ - 9 and therefore « 3 



This lecture continues 
to foll5>w Chalken, Ignall, 
and Walker, Deployment 
Methodology for Fire - 
Departments 



Ref.: Kolesar and 
Blum, Square Root 
Laws for Fire Company 
Travel Distances 
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Actlvlty 




2. AVERAGE TRAVEL DISTANCE Ccontinu 



Give simple geographical dempnstratlon 
showing why the rule o£ thumb Is true 



— Base case 

— Double all dimensions: area quadruples, 
average travel distance doubles (I.e., 
goes up by square root of area) 

— Repe^at region 4 times; same area as 
In ltF-2 with -quadruple the companies, 
ayerage travel distance Is only halved 
(i.e., goes down as the square root of 
the number of companies) 

— Halve all dimensions In KF-3: same area 
as KF-1 with Quadruple the companies, 
average travel distance Is halved (shows 
how hard It Is to decrease travel times 
by adding companies; to halve travel 
times must quadruple the number of 
cotnpanleis) 

Number of companies available changes from 
time to time. If the average nximber avail- 
able in a region is not too small, the 
average travel distance can be estimated by 
replacing •'NO. COMPANIES AVAILABLE'* with 
"AV. NO. COMPANIES AVAILABLE." 

Note that this relationship assumes compdni^s 
are spread out in region. Two companies in 
^jie'/house reduce by pne the effective number 
of /companies available (for travel distance , 
pi^poses) ^ V, . 

ihis is an example of an analytical model 
that has been verified against data 



tjeferences and Notes 



The following should 
be prepared as slides 
that can be overlaid 

Figure RF-1 
Figure RF~2 



Figure RF-3, 

Argument is not exact; 
don^t get into details 
at thiis point 

Figure RF-4 



Now averaging over 
time as well as 
geograpliy 



Although E(»¥) ^ »^^^(nT 
the error is small. 
See Kolesar and -Blum, 
Square Root Laws for 
Fire Company Travel 
Distances , p. 51 
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Activity 



References and Notes 



3. RELATIONSHIP OF TRAVEL TIME TO TRAVEL DISTANCE 

• Travel time Is an Important criterion for 
evaluating deployment policies; It Is 
clearly related ta travel distance, but 
how 

• * 
This Isi^an example of an^. empirical model 

Show usual- shape of curve — square root 
blending Into a straight line 

• Discuss underlying mpd^l of acceleration 
, to cruise speed^nd then deceleration. 

(no equatlon^K 

'/^ Emphaslze*^ that if you extend the straight 
line to the axis, It looks as If turnout 
time 1^ included, but that's not what's 
-Kappening ^ 



Ref,; Kolesar and 
Walker, Measuring the 
Travel Characteristics 
of New York City'"s~ 
Fire Companies 



Figure OF-2 



This relationship will 
be discussed in more 
detail in Lecture LF 



Activity 
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Ref erences and JSTbtes 



4. ALABMf DO NOT OCCUR AT ORDERLY » PREDICTABLE 
TIMES, AND SERVICE TIMES DO NOT ALWAYS EQUAL 
THE AVERAGE ' 
(If they did, deployment analjjsis would be easy) 

Purpose : To introduce probabilistic notions, 
and suggest that laathematical models 
"understand" that sometimes the 
(Situation can be much worse than 
average \ 

• If average number of alarms is 2 per hour 
at a certain time of day (such as Friday, 
4-6 p,m.),~then ' 




14% of such hours 


will 


have'' no alarms 


27% 


of such 


hours 


will 


have 1 alarm 


27% 


of such 


hours 


will 


have 2 alarms 


18% 


of such 


hours 


will 


have 3 alarms 


9% 


of such 


hours 


will 


have 4 alarms 


5% 


oF such 


hours 


will 


have 5^ or more 



alarms 

Discuss what "x% of hours" means 

2 alarmd (the average) is not even more 
. likely tp occur than 1 alarm 

There are influences other than random 
thiti5^an makg some Friday nights espe- 
ciaily busy or quiet 



^- Weather (e.g., brush fires) 
— Holiday (e.g., July 4) 



UsQ an example that^ 
will "seem right" to 
your audience 

V 

Ref, 2 Any table of 
the Poisson distribu- 
tion 



Mention "Poisson pro- 
cess" only in response 
to questions, like 
"How do you know?" 



Don^t dlsetiss in 
-l^etail/ This is 
discussed further in 
LetrCurfelDF. 
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Average travel distance = D 
Area = A 

Number of units =,N (3) 



Fig. RF-1 
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Area = 4A . * 

Average travel distance 
Number of units = Kl 



= 2D 



Fig. RF-2 



IerIc- 



30 S 



\ 



Ilecture op , 

introduction and overview ' 
for police service audiences ' 

Tlmei Apprbx, 40 minutes ^ 

Objective; To provide an overview of the police patrol "resourca allocation 
problems that will be discussed, in the course, and to provide an 
introduction to systems analysis j 



Activity . • 


References and Notes 


1. INTRODUCTION 

• Explain nature of course, audience,* 
objectives , ^ 


, Follows Chalken, 
Patrol Allocation 
Methodoloav for Police 
Departments - 


• Describe schedule for entire course 

• 


♦ 


2. DEFINITION O^M^m^V 




• Uniformed officers in'mobild vehicles who 
can respond to qalls for service > 





/ 
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Activity 



References and Notes 



3. DEFINITION OF "ALLOCATION" 

• How many men on' duty 
Varies by day and time of day 

• Mode of patrol v * 

— One-man cars 

— Two-man cars 

— Scooters 

• How many units. In each geographical command 

• Design of patrol be^ts for each unit 

• Priorities attached to deferent types of 
calls (screening) 

• When calls are queued (stacked ^backlogged) 

• Number of units dispatched 

— Varies with location and type of calls 

• Wl\ich units dlspatxihed 

Type ^ * \ 
-^t, Closest unit? ' 

— Beat car? 

— * Across coiratfand boundaries? 

• Redeployment as unavailabilities occur 

• Manpower scheduling 
^ Scheduling of "other" unavailabilities 



\ 
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Activity 



/ 



Reflerences and ^otes 



4. STEPS IN "SYSTEMS •ANALYSIS" 

(A systematic approach to sol-^^lng probXeras) 

Identify the problem 

Select objectives 

/ 

Define criteria to be used to evaluate 
alternative policies 

Design alternative policies 

Select models to be used 

Collect required data 

Compare alternatives using criteria 

(Return to an earlier step) 

Test out and Implement final choice 



5. PROBLEMS 



• This course will deal with thfe problems 
associated with the allocatlc^n of police 
patrol resources / 

# 

6. OBJECTIVES ^ 

May be several. Some of the most common are: 

• Improve poUSce protection levels with same 
resources 

• Maintain police protection levels with less 
resouz:ces 

• Improve the balance of workload among patrol 
units 



See Quade, Analysis 
for Public^ Decislona 
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Activity 



References and Notes 



7. CRITERIA (BERFORMANCE MEASURES) 

• Length 6f time caller must wait until unit 

l^-^-^sJ^sp^fched 

scene 

• Dlspatchea out of assigned area 
Balance of workload among units 

• Time available for other activities 

— Preventlv^ patrol 

— Meals 

— Patirpi-lnlt^ated Investigation 
~ Traffic Y 

— Maintenance of vehicle 

— Interaction with citizens 

• . Cost 

• Why not crime deterrence, apprehension of 
criminal offenders, recovery of stolen 
property, community sense pf security? 

— Hard to measure 

— Relationship to allocation not known 
precisely enough 



We use proxy measixres 



nistrators can tell what** changes / 



in performance measures (up or down) 
^re desirable, even if they don't know 

he exacts. benefit 

" • ■ r ^ 



8. ALTERNA^VE POLICIES 

• InclJ^e existing policy (for co#arison) 

^ Take political and economic factors i^nto 
account (including community and laboy 
union concerns) V ^ 

• , Alternatives may be suggedt^^^b^^^^ 

'* ' department or city persomiel, ox tnay'come 
from mathematical modeli^f 



/ 

/ • 
/ - 



Some doubt of the . 
value of preventive 
patrol. Spe jiC^iling% 
e t al . j The Kansas 
City Preventive 
Patrol Experiment 



Discussed next 
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Actlvlty 



Referencea and Notes 



9. MODELS 
Burpose ? 



To Introduce terminology, not to 
Illustrate any particular models 



• Definition: abstraction of reality. Used 
*tO gain Insight Into, and answer questions 

, about, the real world. Easier, safer, and 
less costly td use than manipulating real 
world 

• Empirical, modj&ls 

~ Fit to data 

. • May no explanation 

• • Maybe mathematically complicated 

— Examples 

^ Smooth^lf to ,call crate by time of 

day 

How long'»^to travel.'a given distance 



. Relationship between fraction o£' 
tim& cars ar@ unavailable and 
number o^^ calls for service x 



Descriptive analytical models 



Using simplified .assumptions, some kind 
of mathematical formula Is derived to 
permit estimating some performance 
char act erls tic (s) 

The rtumbers that go Into such a model 
may come from; ejnplrl^al models 

Examples ^ 

Kndwlhg number of units on duty, 
estimate average travel time to an 
incident 

Knowing number of units oh duty, 
estimate fraction of serious emer- 
•gencies encountering. a delay before 
dispatch ^ ' 

..Knowing .the patrol area of each unit 
and location qt incidents, estimate 
workJ.oad and fraction of out-of- 
distrlct dispatches for e^^ch unit 




Draw^hlstogram and . 
curve \^ 

Draw rppres'fentatlve 
curve, but don^t 
discus's its shape nojA 
Figure OF-2 



Figure OF-3 



Activity 
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Re ferences and Kotes 



9. MODELS (continued) 



III " 4 

Optimization modofls (prescriptive) j 



t;o Ik 



^r the 



Tell how t;o |i^ieve the mdst 
least of soraeiihing / 

Examples / • 
• . How sftfci|Ld sector^ be designed to 

minimlM average travel time to 
' incidents? j , ' . 

How should a f^^ed total nuMjer 
of man-hours b4 distributed among 
tours so t^ minimize the 
chances that a caller will haye to 
wait before ^ispatch of a ^atrol^ 



car? 

Simulation models 



Imitate patrol operations step by step 
Collect all kinds of statistics 
Can be extremely accurate 
Don' J: tell you what to do * 

Things you trjr will be suggestcid by 

othaf tnodels'^ - 

. » ■ * 

Likely not to be useful until close to 
the end of an^Jysi^ 4)ut have td start 
e^rly to coli^ct 4ata^ 
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LECTURE RP 



• RULES OF THUMB ; ' 

FOR POLICE SERVICE AUDIENCES 

Time: Approx, 80 minutes, V ^ 

Objective: ♦To provide some easy to learn, easy to apply formulas and rules 
used in police patrol resource allocation analysis 



i Activity 



References and Notes 



K 



AVERAGE NUMBER OF UNITS BUSY HANDLING CALLS 
FOR SERVICE 



(AVERAGE NUMBERV' / AVERAGE \ 
OF CALLS ' ) X (unit-hours) 
• PER HOUR / \ PER CALL / ^ 



Give an. Example 

2 calls per hour» average . 
^ 1 car handles each * ^ ^> 

Average length of time to handle call, 
30 minutes v * 

On the average, 1 car is busy ' ' * 

If 2 cars oh duty, each is busy ^ the time 

If 4 cars on duty, each is busy 4 the time 

Number of units on duty must at least equal 
.iverag^ntimber busy . * 



This lecture continues 
to follow Chaiken, 
Patrol Allocation 
Methodology;^ for PolfSe 
Departments 



n 



■•1 



References and Notes 



2. EMERGENCIES DO NQ-^ OCCUR AT ORDERLY, PREDICTABLE 
TIMES, AND SERVICE TIMES" ARE NOT THE SAME FOR 
ALL CALLS 

(If they did, the analysis would be easy) . 
" • Exalmplei t , 

t> 

— Calls occur on the hbur and half -hour. 
Every call ta^s exactly 30 minutes 

far can hamdle—nobody waits 

— but car is always busy 

^ 2 carsr-nobody waits 

— ^dach car is free half the time 
— always ohe car on patrol 



2 per 


hour 

of l(ours 








14% 


have 


no calls 


, 27X 


of hours 


have 


1 


call ^ ^ 


27% 


of hours 


have 


2 


calls ^ 


' 18% 


of hours 


have 


3 


Calll^ fe: 


9% 


of hours 


have 


4 


calls 1 ^' ■ 


4%. 


of hours 


have 


5 


calls 


1% 


of hours 


have 


6 


or more emails 



— Considering^ thff usual spread of service 
times around 3b j»inutes 

With 1 car on duty, every caller waits 

With 2 cars on duty, 

1/3- of callers wait 
. 1/3 of time no car is on patrol 
: Average wkit until a car can be dis- 
. patched is 10 minutes (incl. no- 
wait) 

17% of callers wait more than 20 , min- 
utes;; 

Conclusion ; Number of units on duty must Ije 
considerably more than averagie number busy 



Ref . ; any table of , 
the Poisson distri- ' 
bution 



Activity 



~T| ~ 

3. ^'minimal standard for adequate- performance IS: 
• NO MORE THAN 15% OF 'IMPORTANT QAIsLS ARE QIIEUED 

Many departments don't achieve this 
(especially during peak hours) ' 

• A goal set by some departmeni;s is: No more 
than 5% of important calls arW queued 



Refe»ences and Notes 



1. 



A few departments routinely h4ve less fhan 
1% of |Lmportant calls queued 

f 

Impossible to guarantee that np calls will 
be queued • 



4. CARS ARE UNAVAILABLE FOR DISPATCH i'OR REASONS 

OTHER THAN RESPONSE TO PREVIOUS CALLS ' 

n ■ " ■ ■ 

• What are these activities? 
^ - J Meals, p^sonal 

Patrol-initiated crime or vehlple check 
Notifications, warrants 
Process arrestee 
Siiperviislon - field 
Supervision - station / ^ 

Waiting ' - " 

J Travel to assigned beat 
Transpor^t (sTomething)* " 
Assigned to fixed location 
Maintenance, auto ' 

• Ordinarily, at least 3(^^ percent of each 
pnit^s time^3pent on such unavailabilities 

^ In San Fernando Valley area p£ Los Angeles, 
average unavailabilities vary among divi-^ 
sions from 44% to 62% of total time on duty. 
. In on6 New York precinct, 58 percent 

• For q^euing purposes, effective number of ^ 
^ units on duty may be le6s than half the 

.number assigned ^ ' 



^ / 



Ref • : Analysis of 
the L^s Angeles Police 
Department's Patrol 
Car Deploymei^t Math- , 
ods,: UCLA '^School of " 
Engineering Technical 
Report ^ ^ 



/ 



Activity ' ' 


References and Notes 


5. NUMBER OF UNITS NEEDED TO MEET DESIRED LEVEL OF 
QUEUING DOES NOT INCREASE PROPORTIONATELY WITH 
NUMBER OF CALLS 


j 


• Example: • , 


Figure RP-1 


A command with 2 calls per ^ hour needs ' 
/ 7 tinits. Thie is not twice the number 

needed in a command with 1 call per hour 
(namely, 5 units) ^ 

• • 




6. AVERAGE NUMBER OF MINUTES BETWEEN PASSINGS- OF 
A RANDOM POINT BY UNIT ON PATROL « 


Ref . : Larson, Urban 
, Police Patrol Analysis 


- NUMBER OF STREET MILES IN BEAT . - 
^ FRACTION OF TIME AVAILABLE 


> ^ . . 


" . " ■ » 

• Nobody has proved from data that preventive 
patrol deters crime 


) 


• Mention Kansas^ City Proactive-Reactive 
Patrol Experiment 


Ref.: Kelling et al.. 
The Kansas City PrJfeyen 
tive Patrol* Experiment 


• 


Ref.: Press, SoMe' 
Effects of an Increase 
in Polide Manpower in 
the 20th Precinct Qf 
New York City 


V ' ^ > f * 

V _ . - - /\ . • ■ 

■ / 


« 




O 














* • ■ . 
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Activity. 



References aiid Notes. 



7. AVERAGE TRAVEL TIME « 2 mln J^^^^^^^Sl , 

f NO,. UNITS AVAIL. 

• Example: ♦ * * ^ • 

Area of command Is 6 square miles v 
5 patrol cars on duty ; o 
Each available 60% of time 

Average travel time w 2 ,minJ/6/3 =» 2.83 mln 

• Why this is a general principle A 

. * • Total response time = 

(dispatching delay) 
+ (queuing delay) - - 

+ (travel time) 

^ • Reducing- response time increases probability 
of apprehending offender at the scene; bu.t 
the effect is important only if very short 
response times can be achieved 

• , Reducing travel time can help to reduce 
response time into the useful range if 



queuing delays av^e short. It 
sense to reduce travel times when ^euing 
delays are long 



Ref • : Kolesar and 
Blum, Square Root 
Laws for Fire Company 
Travel Distances 



Use Figures RF-1 to 
.RF-4 (see Lecture RF 
for accompanying text') 



Ref,.: Claws on and 
Chang, Relationship 
Between Response Time 
and Call Disposition 



A. 



ZIQ 



Activity 

8; WHAT CAN YOU DO WITH PRIORITIES? 

• If queue iorme^ dispatch free unit to oldest 
highest priority call 

— Average delay the same 

— Delay for hlgh-jrrlorlty calls Is less 

• - Hold one or twa units In reserve for hlgh- 

prlarlty calls ^ 

— Regular beat car 

' — Special Unit » 

' — : Average delay Ip more 

• Screen out low-prlor^lty calls wl^ien busy 

T- "Adaptive dispatch policy" 

^ •* Schedule ,low"-prlprlty calls for handling 
• at a more "^convenient tltiie ^' 

j WORKLOAD I 

9. WHAT^S WRONG WITH \ HAZAiO) / FORMULA? ^ 

• ^Description of Hazard Formula 
,th 



- Fj = j- 

— Examples \ 



factor 



Numb,^r of outside violent crimes 
Number 'of other Part I crimes 
Number of street miles ^ 
Number of arrests | 
Number of commercial Establishments 
Number of emergency caljjs 

— k f^. =^ amount of factor j in command 1 

rij . ^ 

Wj = "iniportance" of factor j 



i— H a w 

)■ i IF 



il 



+ w, 



^12 



2 F, 



+ w. 



M F, 



M 



^^^^^^ — • Manpower proportional to H^ 



References 




1 



Refs. ; ' 
Chaiken and Larson^ 
Methods for Allocating 
Urban Emergency Units 

Kakalik and Wildhorn^ 
Aids to Peels ioittnaking 
In Police Pattol 

Chaiken J Patrol 

Al lb c£t tie n Me thod^l ogy 

for Police Departitjents 
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Activity 



'ft 



References .and 



Not^es 



• /WORKLOAD)" 
9. IHHAT'S WRONG WITH ) HAZARD / FORMULA? (continued) 

• Description of Workload' Formula,^ / ' 

~A'w. « nuiriber of man-^hours associated with' 



factor j 



— H » w f 
. 1 ^1^11 



2^12^ 

— Manpower proper tltlfel to H^ 

— Maflifcina tic ally, the* same as Hazard Formul^^ 
with different weights 



Problems 

"1 . ■ ' • 

— ♦Apples and oranges 

— ■ Interrelated 



i 



) 



— Proportional increase for emergency caij[.s' 

■ ■ . 

~ . No way to determine "correct" welghts| 
for Hazard Formula ♦ ' 

' ■ . ■ ■ ' -^^ ' 

— Worfcloa^ Formula accomplishes only one ^ 
^ objective: ' equalizing workload 

— )41azard Formula does not" do what it ' 
^ appears to do ■ ' ' ■ 

• , Example: Assume precincts- with high num- 
bers of outside crimes have j^roportloh- : 
ateiy more unimportant (Jails. ' Then ^ 
increasing Wj for outside crimes decreases 
manpower assigned to high^crifoe precincts 

— No credJ^ 'for goo.d' performance - * 

May be, useful for manpower needs otH^ than ' 
w patrol 



■'4 ' *^ 



F(i4a^||^ple,^iq^^^ ^ 
ma:^^^ a Part I crime ^ C 




In the^e3256Biq>le, 
the hazard formula [ v 
is assumed to include \ 
the factors "outsUde ' 
crimes," "other c^lfe 
fpr service," and 
possibly ot^c 
uncdr relat ec^actors 
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Numher of patrol. units neoded so 
• that at jnost 10% of cajis delayed 




>0 1 2 3 4 5 6 7 8 9 10 

Number of calls per lioyr 

Assumptions: 30 minute service time per call 
'50% bf each jcar's time spent 

unavailable for reasons other thdh dispatch to a call 
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LECTURE CG 



• • CHARACTERISTICS^F EMERGEI^CY SEftVldps . - • 

FOR QPNERAL AUDIENCES , # 

, ■ . ■ . ' \ 

■ »■ , 

This lecture ifi^ntended for audiences of analysts interested 
H« the simildrities -^and differences .among " emergency afervicea 
and for audiences containing a mixture of fire, police, and 
ambulance service representatives. ■ 



Time: Approx. 60 ifiinutes 



Objective: To describe the general characteristics of 
t that are relevant for depl^oyment analyses 



Activity 



emergency services 



References and NotegH». 



ll INTi^ODUCTION 



2. 



ERIC 



Some models developed for one emergency 
service can be applied directly to another 
service, changing oiily terminology. Others 
are unique to a. particular service because 
of distinct characteristic^ 

Consid0fing' only police patrol, fire units, 
and /^ergency medical services 




FOR SERVICE ^ 

rival process 

All three services:* Poisson by time and 
geography. Rate varies by hour about an 
order of magnitude. Any method, that f' 
predicts demanclp for one service Will 
also work for others ' 

Priority structure 

Police and ambulance: priorities can 
be identified; some calls are not time- 
urgent; some calls can be rejected when' 
necessary to prevent syistem congestion, 
but there may be legal constraints on 
- call rejection 

Fire: information for distinguishing 
type of call may be absent (e.g., street 
box alarm); when present, information 
does not determine, priority^ tut, only t 
the number and typeCs) of units needed 
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Generally, the lec- 
turer m9t be ^familiar 
with the references. in 
Lectures OF, IF, OP, 
and IP . ^ 



In working on black- , 
board, this and fol- 
lowing items can be 
organized by heading 
tihree colximns "police," 
"firei" and "ambulance" 



RefTliinoB and No^aa 



3. TYPES OF UNITS' 



Police: usually all pjitrol units are 
Interchangeable from the point of view of 
the functions they can perform when they 
reach the scetle 

Fire: at least two types: ^ engines and 
ladders; limited InrerchangeaSjLllty 

^Ambulances: may have distinguishable 
Capabilities: transport only ^ routine^ 
treatment » or intensive care (medic unlt^, 
mobile cardiac care units) 



\ 

/ 



4« MANNING 



Police: 1 pr 2 officers. If both typaa 
are present in same city, two l-niiian units 
may be needed as an alternative t>o one 
2-man unit 

Fire: 3 to 7 fire-fighters 

^Ambulance: st£i;ndard is now 2 attendant; 
some agencies Mo not achiekre this 



5* LOCATION OF UNITS ^ ^ . ^• 

Police: mobile. Patrol areas jcan in 
principle be designed in any Way desired^ 
but administrative constraints ate <often 
imposed. Patrol areas can also change 
^ during or between tours of duty^ but this 

^ts becoming ^.idss common with the advent of 
"neighborhood teamis/' Overlap of sectors 
possibl^y but not done in most cities* 
Geoteetilical probability models for two.^r 
moi:e randctoly locaWd points relev^gat^ 

Fire and ambulance: usually^ fixed loca^ *\ 
tions. "Patrol" activities such as Inspec-* 
-tion lnfreq[uent; can ignore in most cities. 
May be several units at one location. Type 
of physlQal structure not Important for am-^ 
bulances (garage » hospital^ police station^ 
fire station). Fixed location implies ' 
"turnout" time 
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Activity 



i5. HOlJ MANY UNITS ON DUTY 



^Police and umbulance: flexible by day and 
time . • 

.Fires usually not varied over tKe dayj' a 
long*- texto. planning Issue * 

QUEUING OF CAL'LS.DUE TO UNAVAILABILITY OP UNITS 

Police: common In many cities* Walt may 
. ^dominate travel ,tlifie. Queue usually haj9 
priority structure In practice 
t 

i^bulance: common In a few cities. Happens, 
odca^lonally In many cities 

. ■ • •. \. [■ 

Fire: ' Only und^jonlsls conditions. Not 
relevant for fleployment analysis 



8. dlOW MANY UNITS . DISPATCHED 



Police:, usually one.* Forisbine calls two 
1-man cars are dlspatcljed. lJ| prabtlce, 
more units may respond than are dispatched 

ft 

Fire: usually at least two. In some qltles 
as many as 5-7.' Traditionally preplanned 
according to: ' 

(a) naliure of land use (business,' resi- * * 
defttlal, high rise) 

(b) nature of Incident 

Analysis can consider time of day, projected 
Incidence ratpSfv current unavailability 
status of system, probability that Incident 
Is serlaus, manning on unit 

Ambulance r-^sually one. Some systems 41s- 
patcTi two or three, heaving different capa- 
bilities J . 

(a) First respond er has limited capabil-' 
Ities; secQnd has full treatment and 
transport capabilities , 

First has full treatment capabilities 
but cannot transport; second can 
transport . v 




References and Notes 



Ignall et al . , 
Improving the Deploy-" 
ment of New York City 
Fire Companies 

Ignall and Urbach, 
The Relationship 
Between Fire-Fighting 
Unit Availability 
and the Number of 
Units Dispatchiad 
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Activity 



References and No tec 



9 . WHICH UN1T.(S) ^ DISPATCHED 

PollcJe: usually setstof car If available. 
• If not available, -several policies are 
possible 



Fire: traditionally preplanned. Almost 
always closest available, on Initial dls*< 
patch 



Analysis shows .this may not be optimal 



10. REtOCATIGN 

• Fire: traditionally preplanned for: 
''"^'^---imiifbiple-alarm flreg. May he needed ^fcir 
.s several simultaneous smaller fires.. 
* Explain pujqpose * 

Police and ambulance: rarely used, ^ut 
would have same' benefits as In fire case 



ll'. UNAVAILABILITY FOR REASONS OTHER THAN PREVipUS 



DISPATCH 



Fire and ambulatfce: recovery from previous 
incldiant o'nly 

Police: substantial part of activity. 
May amount to 35%-60% of time. Some of 
these unavailabilities could be interrupted 
by high-priority Incident 



See MCM, SCM, etc* > in 
Larson, Urban Police 
Patrol Analysis , or 
in Larson, Hypercube 
Queuing Model : User * s 
Manual 

Describe aldxm assign-- 
ment .card* Explain how 
this is equivalent to 
specifying a response 
area for each unit.r 
See Lecture tF 

Gartdr, Chaiken, and 
Ignall, Response Areas 
for Two Emergenciy Units 



See Lecture MF. 




Activity 



References ari(d Noties 



•X2. PERFOBMANCE CRiTERiA 

' • • • . • ' ■. • ' 

(a) Queuing conceptjs * . 

Fire: delays by dispatchers; probability 
\ that all or most units assigned to a^sub- 
* area will be busy ^ ' 

Police and ambulance: dispatch delay9» 
expe^Qted time in queue, probability of 
, ^ waiting > T in queue , delays by ^priority 

level ■ . ^ 

• ■ ' « 

(b) Travel "time 

Fire: ^ 1% a vector (by order of arrivial and 
. type of unit) ^ 

Police and ambulance: relevant for* per- 
tain calls .... 

.(c) Turnout time 

Fire and ambulance 

• 4 

(d) Workload balance * * 

All three 

(e) Dispatches out of usual area • 

Police ' 

(f) Time available for nondispatch functions 



\ 



. Police / 
♦ (g) Cost of operation 
All thrjee 



For other services, 
this is of interest 
only by virtue of its 
effect on travel time 

and workload%alanc^ 

V • 
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^PAtA ANALYSIS 
FOR FIKfe SERVICE AUDIENCES 



Time: Approx. 60 minutes . ' ^. 

Objective: To introduce students to\ types of alarm patterns and their use- ' 
fulness, and to suggest ipproachea for analyzing data. 



Activity 



1. DEFINITION OF DATA ANALYSIS 



T 



\ 



Emphasize the view of discovering patterns 
that allow deployment to be improved 

Indicate that variation is expected\ other- 
wise play it down 
* ' ' ■ 
Give example of a nonuseful pattern (Thursday 
Is Tacoma, Washington's slowest day) 

♦ - ■ 

Say that^ usual computer reports are not 
suffitilent for data analysis, although 
possibly useful for management purposes 



2. COMMON PATTERNS—THEIR RELIABILITY AND USE 

• Let the audience help identify and classify 
them 

«^ 

• Do g^graphy, type of incident, trend, season, 
day oiSw^k, time of day (optional-:-weather) 

• Structural firesm^y have different patterns 
than false alarms; patterns of total alarms, 
structures, and false alarms will all be 
illustrated 



References and 




Lecture Gontimkes to^ 
follow Chalj^y Ignall, 
and Walke.££ ^^ 
Methodology 
Departmenjs 

Figuti 
blackb 



Figure DF~2', on the 
Vbl^ckboard 
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Activity 



3 . HAZARD REGIONS v: - . : 

(Also called demand regions) - ^ 

' • ^ndlcate^need for dividing city into regions, 

• Characterize a good definition \ 

Start with a description of", an ideal 
(fictional) region; uniformity of land 
use,, alarm patterns J structures, i etc# 

Less Variation within regions than 
x between regions , 

~ End with the notion that the division * 
, ! ln(to regions is successful if flo one 

feels .they should ask, '^But are response 
times in the north patt of the region 
' higher or lowei; than in the south?" ^ 

• ' " *• ■ 

— May be convenient to \iave each hazard , ^ 

region be a set of company admlnistra- 
v tlve ^areas or census tracts 

• Display alarms per tcaplta and alarms per 
square mile and Inalcate their use 



Trend prediction 
can be p^redict(i( 



(if population ^rend 




d) 

— - AHocat;Lon mode[l 

4. TIME-OF-DAY PATTERN ' 

To illustrate a common pa^ern and statistical 
variability around it 

• Display hourly total alarm^ over a\perlod 
of sevetal days. Indicate 

— consistency (evening alway? hlghfer than 
late night) ' , 

variation around it 1 

Optional : July 4 vs. average a^s* slow day. 

Offer weather as a partial explanation of 
the variation 

Ask audience for possible uses— ^different 
number of men" on duty at different hours, 
etc. Emphasize posslble^ -they matg not be 
desirable uses. \ 



2 

n" ■ 



References and Notes 



Figures DF-3,'DF-4 



See Lecture AF 



Figure DF-5 



Figure DF-6 

Figure DF-7 (may be 

ondtted) 

Figure DF-8 
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• Activity 



TREND AND SEASON 

To Illustrate superposition of patterns and 
how to"^ untangle effects 

• Display a short pattern, indicate inadequacy 
' (total' alarms, '34 T)n©nths, Tacoroa) 

• Display a lt)ng pattern (false alarms, 
. ; 60 months. New York City) 

• Display detrended seasonal pattern 

/\. ■ « . 

— ^^indicate t^iiat slide shows ratio' of * 
alarms in a week to the trend - 

Cojixld cal^la^te the difference between 
alarms in a week and the trend as alter- 
native 

-r Stress the economy of the ratl^o descrip- 
tion 

• Ask audience for possible uses ' 



References and Notes- 



PATTERN "skzE" 



To tndicat 
tern 



e the possible usefulness of a pat- 



' , Divide Iprevipus patterns into 4 seasons and 
4 <|jix-hbur periods (divide the year and the / 
day into the same number of parts, in this 
cade, 4) 

Calculate ratio of peak peiriod to low period 
'for each of the two patterns ^ ' 

Compare the ratios • A big ratio , Iridkcates^a 
pattern possibly worth trying to 'take advan- 
tage of / , j 

• 0 ■ 

Check statistical significance of large 
ratios'' ^ ^ - 

xr- if ratio is large, but the data do not 
« ^establish significance, gather more dajta 

^ [if a small ratio is statistically 
significant, there may nonetheless be 
no policy value to the pattern] 



Figure DF-9 
Figure DF-10 
Figure DF-11 



On the blackboard, 
using Figures DF-^^ 
DF-12 

Flguire DF-13 
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Activity 



Referericea and Notes 



7. GEOGRAPrilCAL PATTERNS--LARGE AREAS 

• iilqstrate approximate constancy of £als6 
alarms as a fraction ofx box a3|.arms through- 
out ISfew York City 

; . . ■ ■ ifi ' • ; . , 

• Stres^ the econoniy of this constancy ^ as 
It relates to false alainns per capita or . 
per square mile, which vary even more 
than total alarms lllust^rated In Figures 
DF-3, DF-4 : ^ 



8. GEOGRAPHICAL PAJCTERNS— SMALL AREAS 

Purpos^: To Indicate that part of the dajia 
should be^ reserved , and used for 
judging the reliability of any pat- 
teirns discovered and to show a pat- 
tern that was discovered because 
deployi4ent modelk suggested that If 
it exis'tBd, It would be liseful 

• Illustrate box^to-box variability In propor- 
tion of all alarms that are false 

Not Inconsistent with large area pattern, 
since no area Is exclusively high or low 
In regard to percent false 

— Indicate the pattern Is useful only if 
' it l4..CQiislstent from year to year 



Figure DF-14 



(Colored ma)?, not » . * 
reproducible in these 
lecture notes, is 
available from address 
given on last page of 
this peport. Map shows 
wide range in percent 
false at a box. Boxes 
with high percent 
false appear isolated, 
not ^art of a pattern) 
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Activity 



€EOGRAPHJiDAL PATXERNS—SMALL AREAS \tcpntlnufed) ' 

• ' Illustrate the finding and diecklng of, the 
'pattern of box-tOrbo3C variations In propor- 
tion of box alarms that are serious 

— Xrhes^^re year-round nuiiibers 

— Box 2277 li^ among thQ lowest In pre- 
dicted percent structural, box 2209 %s 
among the highest. But they are not 
outliers - ■ ^ ' ' * ■ 

— Indicate how risk classes were defined 

c — Stress the rojLe of reserving some of the* 
data , . 

~ Deployment models shifted attention to 
serious fires rather than total alarms 

— Seriousness needs careful definition, 
specific to the city. Depends on th;^ . 
purpose: Maybe all structural, mayba. 
only those that work several companies, 

, etc. . , 

— ^The pattern Is useful when the alarm 

rate Is high 

• Indicate that season and time of day -affect 
the pattern ' - 

t> 

r-T Relatively more false :alarms In summer 
(and evenings), structural fi^es almost 
constant "^^^ ^ 



Serious fires are a larger proportion 
of structural late at night, Ih winter 
(fewer food-on-stove-type' Incidents) 

Illustrate the slze^of the overall 
effect: risky boxes, late night, winter 
vs. nonrlsky, summer evening 

Optional ; Illustrate economy and, good 
fit of separate, multiplicative seasonal 
and time-of -day factors 



References and Notes 



Figure DF-15 ' 



Ik^alL et al., Imp r 07- *^ 
Ing the Deployment of < 
New York City Fire Com- 
panies^ Section II . 

Carter^ and Rolph, 
New Tork City Fire 
Alarm Prediction 
' Models ; 1^ Box- 
Reported Serious Fires . 
Section 3.4 



See Figure DF-18 
and Lecture^ IF 



V, 



figures DF-16, DF-17 



Figure' DE'-18 



Figures DF-19, DF-20 
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Activity 



References and Notes 



9:^ Optional : THE POISSON' PROCESS 

IPurpose : To introduce probabilistic notions, 
and suggest that mathematical 
models "understand" that sometimes 
the situation is much worse than . • 
average 

, • ' _ *t 

Suggest Its nature and reasonableness. Take 
a finite set of "similar" hours and a fixed 
total number of alarms and discuss distributing 
the alarms at random. ("Throwing darts' at the 

Example — Jersey City. Very small seasonal 
effect (similar to Tacoma) . In lSp73,' ^ 
1480 alarms in 2-4 p.m. period, which is ^ 
365 X 2 = 730. hours, In that period, 
1480/730 = 2 alarms per*^ hour , . 



Consequence — if average number, of alarms 
is 2 per hour between 2 and 4 p.m. in 
Jersey, City, then ^ 

14% of sueh hours will have no alarms 

27% of such hours. will have 1 alarm 

27% of such hours will- have 2 alarms , 

18% of' such hours will have 3 alarms 

9% of such hours' will have 4 alarms 

5% of such hours will have 5 or more 
alarms 

Discuss what "x% of houir^' means 

2 ^alarms (the average^ is hot even more"^ 
likely^ to occur than 1 alarm 



10. Optional: FIRE COMPANY. WORK TIMES 

• piscus^company work times by alarm type 

• Indicate that 'Averages may be sufficient 



R,e^^ : Rider and ' 
Hausher, An Analysis 
of the Deployment 
of Fire-Fighting 
Resources in Jersey ( 
^ity. New. Jersey 



Ref.: Any table of 
the Poisson distri- 
bution . 



Ref. : Chalken, Ignailli 
and Walker, Deployment 
Methodology for Fire 
DepartmentSv . ' 
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Activity r^'- 


.References and Notes 


11. RECAi* . ; 




Gq throughothe data analysis process 


Figure DF-21 


• • 'Divide the data \ ' 


• 1 


y Find patterns on one part 




— Verify them on the other 




• . Plot and cross-tabiilate 




Construct Ij hazard regions 




. • Patterns should be' ' ' 




— useful ' . - ' ► 


■ ■r ,"' 


— simple 





; ± 
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What is it? 



DATA ANALYSIS 



/ 



Discovering and characterizing the variations and 
consistencies in incidents: i , 




• Finding patterns--in time* ^season/ location 

• Varisati oris from the ^patterris are often^^ " , 
usefuTly t^reated jp.s random, lind describabl^ J/^^ 
by the Poisson process i 



Why do It? 



To improve the deployment of fire-fighting resources^ 



Fig. DF-1 



•■4 
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COMMON ALARM PATTERNS 



Pattern 


' Reliable.. 


r Useful Fpr 


How Miich 


Geographical 


•Relativel/' 


^ Allocation 


Very 


Breakdown 
Type 

• 


Yes " 


V *' * 

Allocatipn, Ini- 
tial Ptspatch 


Some 


Trend' 


Maybe 


Alloca-tion-^ , 


Some 


Season 


Yes 


^ Allocation 


^ ^ Slight/" , 


Day of Week 


Yes . 






Time of bay 


Yes ' ^ 


' Initial Dispatch; 
Allocation . 

(I 


Very If alarm rate 
- is high, slight 
otherwise 


Weather 




* . ■ 
Short term 
allocation, for 


Some 


— 




brush fires, etc. 








Fig. DF-2 


■ :> ■ . 
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HAZARD REGION DATA 

(HUNDREDS OF AURMS 
PER SQUARE IVIH-E IN ld72) 

NEW YORK cFtY ^» 



Fig. DF-4 
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. DF-13 , 



ERIC 



110 



100 



^0 



80 



70 



60 



50 



40 



30 



20 



10 



^ HOURLY TOTAL ALARMS 'iN NYC 
1968 



J L 



Jl 



3, 



nf 



nJ 



July 4- 5 



1 

I 
I 
I 




Average / 



I 
I 

j 



J J. 



8 10 I 2 4 6.3 10 12 4 
Moon Midnight 
Hour .of:ihe day 

. Fig. DF-6 
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NEW YORK CITY 
WEEKLY STRUCTURAL FIRES 




Fig. DF-7 



V 



DF"15 



■ ■.\ 



HOURLY TOTAL ALARMS IN NYC 



August 14 - 20, 1966 




Sunday Monday Tuesday Wednesday Thursday* Friday Saturday Sunday 



Fig. DF-8 
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TOTAL 400 
ALARMS 

300 



. TACOMA, WASHINGTON 

TOTAL ALARMS BY MONTH 




F!g. DF-9. . 
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TACOMA/ WASHINGTON 

(TIME OF DAY PATTERN) 



300 



TOTAL 
ALARMS 
IN 
1971 



200 



100 




' I ' i " ' 



0 2 4 ,^6 8 10 12 14 16 18 20 22 . 24 
• HOUR OF THE DAY 

Fig. DF-12 • ' 1 
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rilEASURING THE SIZE OF A PATTERN 





Seasonal Pattern: 


Tacoma ' 


Period 


Al avtfic Vn 1071 
Ml arliiS in 17/ 1 


Winter: 


January, Februam 
December . / 


1002 


Spring: 


March-Ma^y 


1181 ^ 


Summer: 


Jgne-August 


1248 


F^ll: 


September-November 


1009 




Time df Day Pattern: Tacoma 



Time 


Alarms in 1971 


0200 - 0800 


497 


" 0800 - 1400 


1195 


1400 - 2000 


1409. 


2000 - 0200 


1139 




Fig. DF-13 


'7 





High to low ratio is* 
1.25 = 1248/1002 



f. / 



High to. low ratio is 
2.8 = 1409/497 



4pr 



f ERIC 
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NEW YORK CITY 

HAZARD REGION DATA 

(BOX falseXarms as a percent 

OF ALL BOX ALARMS IN 1968) 



r.: 



•/•■■;.. ; • 
■ " . 'I 


, ■ ■ ■ 






■ V ,- ' ^' ; 4t 






, *: • 4» 

* ( 


* 


■ , "it ^ 




* 


• 












STRUCTURAL FIRE PREDICTldNS FOR TWO ALARM BOXES 

. . ' . ■ • s. ■ ■ 






Bronx 
box 

number 


Predicted 
percent 
structural ' 
('57 - '69 data) 


MC ifUa 1 


1970 Data : 


• 




Al arms 

■ 


Structural 
fires 


> 


♦ 


.;2277 i 
2209 


0.4 
, 31.8 


96 
94 


0 ^ 

is 






ft 






• < 








Fig. DfW 


15 






^ / a. • 










t 




















■ » 
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• ,^ . 

PERCENT 
-OF YEAR'S 
FALSE tiALARMS 



10 



FALSE ALARMS 











X M • 


f 


o 




A 1 1 1 


A 1 1 I I. r 1 1 



8.33 % AVERAGE 



f 



J F- V M A 



M .J J 
MONTH 



A S' 0 N.I D 



Fig. DF-I6 




Rir 



247 



12 r 



10 



PERCENT 
OF YEAR'S 
STRUCTURAL FIRES 



8 - 



STRUCTURAL FIRES 



(NEW YORK CITY) 



l_l l_L 



J F 191 



A IV\» J J A 
t MONTH 




8.33 % AVERAGE 



J_l III I 



s 0 N a 



Fig. DF-17 



SEASONAL AND TIME OF DAY EFFECTS IN SERIOUS FIRES 
AS A PROPORTION OF STRIJCTURAL 

(NEW YORK CITY) 



BCX 



PHONE 



WINTER 

SPRING-FALL 

SUMMER , 
\ 

WINTER ' 
SPRING-FALL- 
.SUMMER 



PERCENT OF ALL STRUCTURAL FIRES IN 
1970 Ry'ORTED IN.THt INDICATID.WAY THAT 
WORKED MORE THAN ONE LADDER 









0-8 




16-24' 


33.8% 


^^8.6% • 


. - 25,0% 


32.8 


25.5 


23.1 


32.^ • 


1 ^2.0 


. 22.2 


20.V 


- 15.3 


U.7 


16.0 , 




10.3 . 


- 16.8 ■ • 


11.5 


■LO.O 



Fig. DF-18 
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PROPORTION OF BOX-REPORTED ALARMS THAT WERE 
SERIOUS FIRES/ BY SEASON AND TIME OF DAY, 
^ , * 19641970 BROpiX DATA 



-TIME OF DAY/ 


WINTER • 
PROPORTION 


1 — ~ 

■ SPRING/FALL ' 

PROPORTION 


SUMMER 
PROPORTION 


OVER WHOLE YEAR 
PROPORTION 




0-8 a\ m . 


0.057 


0,042- 


0.026 


'0.038 


1,7 


8 a.m.- 4 p.m. 


" -0.044 


0.025 


0.018 


0,027 


1.2 


4 p.m, - midnight 


■'0.025 


0.015 

« 


. 0.011 


< 0.016 


.7 


.Over Whole Day 


0.031 


0.021 


0.016 


1 ^ 0,022* 






1.4 




.7 




« 




< 


Fig. :DF- 19' 
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ji SEPARATING SEASONAL A^D.TIME-OF-DAY EFFECTS: SERIOUS FIRES ^ 





Relative Seriousness: 

Percent of box alarms in indicated 
period that weVe serious J percent* 
of all, box alarms that were serious 


n o 
• U - o 


-^■•"-i ■ — ■ ^ ; ^ 

1.7 =, 3.8/2.2 


8^ 16 


1.2 = 2.7/2.2 . 


16 - 24 


■ " .7 = 1.6/2.2 


Winter 


1.4 = 3.1/2.2 


Spring, "Fall 


1.0 = 2.1/2.2' 


Sumrner 


.7 = I.I5/2.2 .' 



7 







' \ — ■ 

i • * 

^ctual Percent Serious 


• Percent Serious if Season 
and Time-of-Day Effects 
were Multipl icative 






Winter 


Spring, 
Fall 


Summer . 


Winter 


Spring, 
Fall 


Summer 


0 - 


8 


5.7 


4.2 


2.6 


. * 
5.4. 


3.6 


2.8^ 


8 - 


16 


4.4 


2.5 \ 


1 .8 


3.8 


2.5 


2.0 


16 -~ 


24 


2.5 


1.5 


1.1 


2.3 


1.5 


1.2 



.*Example: 5.4% = 2.2% x 1 .7[0 - 8] x 1.4[winteri. 

Fig. DF-20 
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SUMMARY 

DIVIDE THE AVAILABLE D^TA IN TWO PARTS 

— Use. one for ffndinci patterns - 
Reserve the otherfor verilylng them 

PLOT THE DATA 
•f ■ 

MAKtvCROSS-TABULATIONS ■ ' ' ! ' 

Time of day and season ^ 

— Proportion serious and region 

DIVIDE CITY INTO HOMOGENEOUS REGIONS BY 

■■ Land use . 

— Alarm data 

LOOK FOR USEFUL PAHERNS 

TRY FOR SIMPLE, ECONOMICAL MODELS 

TEST IF THE PATTERNS YOU'VE DISCOVERED ARE CONSISTENT, BY SEEING 
WHETHER THE RESERVED DATA FITS THEM 



Fig. DF-21 
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LECTURE -AF 

* ALLOCATION OF FIRE COMPANIES . , 

Time: Approx, 60 minut^ ' f V * 

Equipment; Computer terminal with ^telephone coupler (if allocation model 
is being demonstrated) 

Objective: ' To introduce one am^oach to analysing fire company location 
problems, and to explain the first step in such an analysis. 



Activity 



Refetences and Notes 



1. INTRODUCTION 



What makes it necessary to think about 
changing the number and location of fire 
stations? . 

— Urban renewal 

— Neighborhood changes 

— Aging of ^irehouses 

^- Changes in fire department budget- 
levels » ' ' 

Must find answers -to two questions: 

(1) How many fire companies are needed? 

(2) Where should the companies be located? 

In regard to question 1: Why not cost/ 
benefit a|>proach? 

- Don't know relationship between dollar 
losses and travel times 

Requires that a monetary value be 
placed on human life 

Fire department is only part of the 
municipal budget. This approach would 
have to be applied to all agencies 

Practical approach 

(1) Assume a given budget level — thUs de- 
termines the number of fire companies 

■ • . ' r . 

(2) Find the best way t-o allo^'cate the 
companies to regions of the city 

(3) Find specific sites for each company 



Lecture follows mder, 
A Parametric Model 
for the Allocation 
of Fire Companies 



I.e. » add companies 
until marginal benefit, 
would be less than 
marginal cost 



Budge^t level can be 
varied for purpose's 
of analysis • \y 

^Discussed later in 
this lecture 

Discussed in Lecture LF 
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Activity 



Rej^erences and Notes. 



ALLOCATION OBJECTIVES 

• Hypotheticai examples illustrating conflict 
among objectives \^ 

— City has 2 regions of the same size 
with very different alarm rates 



r 



\ 



Allocate to minimize average travel time 
to alarms 

— High travel times in low incidences 
region 

— Ignores fire hazards 



Allocate to equalize coverage 



— Companies in high incidence region 
will tiave^ high workloads 

— Higher travel times to most alarms 



Figure AF-^1. The X*s 
on this figure do not 
yepr esent the loca- 
tions of anything 'In 
particular, but simply 
symbolize the relative 
numbers of incidents . 
in the two regions 

Overlay Figure .AF-2 ^ 
on Figure AF-1 ^ ^ 

Figure AF-2 shows the 
locations of 10 fire 
stations that will 
minimize the s^verage 
travel time to inci- 
dents in the whole , 
city 

Overlay Figure AF-3 
on Figure AF-1 

Figure AF-3 shows an 
arrangement of 10 sta- 
tions that makes the 
average response time 
in the "south" region 
the same as in the 
"north" region. 

Point out two fea- 
tures^of this arr)»nge- 
ment J / 

(1) Number of /sta- * 
tions "in" a region 
does not have to be an 
integer. The nbrth has 
5^ stations* 

(2) The north has 
more stations than the 
south because on the 
average more companies 
are busy in the north 



• Conclusion: Neither of these allocations 
is good , ^ " 
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Activity f^^''^ w"!^ 



References and Notes 



2. ALLOCATION OBJECTIVES (continued) 

• Solution; Use compromise allocation 



— The Parametric Allocation Model 

determines allocations for a range of 
compromises between ''minimum average 
travel time" ancj "equal coverage" 

.\ 

3. USEFULNESS OF PASAIdETRIC ALLOCATION MODE^, 

• Provides general picture of number of fire 
companies to allocate to -different parts 
of the^ city 

• Quick and inexpetisl^ve to use 
^ • Requires very little data * 

• Various uses 



— Compare travel -times and workload 
among regions 

Detkrmlnp reallocations of current 
resources 

Determine ^regions to gain or lose 
companies if level of resources is to 
be changed 



4. DATA NEEDED FOR EACH REG-ION 

• City must be divided into hazard regions 

• Travel jtlmes will be weighted in each 
region. Weight indicates "importance" of 
travel time 



WEIGHT 



^ "EFFECTIVE" \ 

ALARM ) X (HAZARD) 
< RATE / 



Miodel is operated 
separately for engine 
companies and for 
ladder companies* 
Answers provided by 
the model are sugges- 
tlve, not precise. 
Use of the model "can 
only be a first step 
in a study of company 
locations 



See Lecture DF 



Each factor will be 
describe^ in turn. 
This equaii^lon is not 
exactly co^ect but 
gives the general 
idea. See item 10, 
below, for mathemati- 
cal formulation 
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Activity 



References and Notes 



5. WHAT IS "EFFECTIVE" ALARM RATE? 



Each type of alarm is counted* in proportion 
to its ser^^usn^as > 

• If all alarms are coiisidereff of equal 
seriousness, then the effective alarm rate 

. . id the same as total alarm rate 

• Can count only structural fires, or only 
flr^s that required more than a certain 

, f^oxXnt of work to extinguish (e.g., one 
V. y company-hour) 

t> * 

• Can weight each type of alarm by the number 
of company-hours needed to extinguish it* 
Then 

/"EFFECTIVE" \ ^ / ALARMV /COMPANyA 
\^ alarm' RAT]^"" \RATE / ^ \ HOURS / 



/AVERAGE NUMBER 0F\ 
\ COMPANIES BUSY / 



6. WHAT IS THE HAZARD FACTOR? 

• Subjective measure of the relative danger 
of a fire (potential for loss of life or 
property if a firi^does occur) 

• Suppose the mos^t hazardous region is given 
a hazard rating of 1.0. " Then a region with 
hazard rating 0.9 is less hazardous to the 
extent that travel times could be about 

10 percent higher in this region^ and the 
department would be willing to say equal • 
quality fire protection is being provided 
in the two regions 

• This is a subjective management input. 
When using the model, can try several 
different ways of defining hazards and see 
what the consequences are 



This is unlikely I to be a 
desirable choice/ but 
may be necessgafy if no 
better ;l€i:ta are available 



See Lecture RF 
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Activity 



, -75- 



References and Notes 



7. CITYMIDE DATA NEEDED '< 

- ' ' . . ■ ' ■ 

• "Constant" and "power" In the relationship 
between travel time aiid number of companies: 



/ AVERAGE TKJVVEL \ 
\TIME In a re&Ionj 

- (CONSTANT) X 



AREA 



l(POWER) 



AV. NUMBER 
ICOMPANIES AVAIL. 



8. DECISION VARIABILES : ' - 

• Total number of companies to be allocated 
t($ the city # 

* ■ " , . ■ ' 

• Tradeoff parameter beta (3) . This accom-- 
• pllshes the compromise between "minimum 

average travel time"*^and "equal coverage" 

— For 3 « 1, program shows an 'allocation 
that minimizes the average%welghted 
travel time 

— For large 3 (50 or more) , program 
shows an allocation that will make the 
weighted response time equal in all 
regions V » 

— [For small 3, workload is equalized] 

• How does the department choose Its desired 
"value of 3? \ 

\ > > 

, ■ ' ■ 

— Try different values between 1 and 50. 
See iahat* happens 

— 3 3 was found to be "good" in New 

York City 1 

* " . ^ f . ■ 

— It often happens, that all values of $ 
indicate that certain hazard regions 
should lose companies as compared to 
the present arrangement, and pt hers 
should gain companies. Such a con- 
clusion is "robust," because any 
"reasonable" value of 3 l^ads to a 
gualitatlvely similar conclusion 



This combines "ifules . 
of thumb" numbered 2 • 
arid 3 In Lecture |IF, - ^ 
See ^Iso Kolesar ,. 
A Model for .Predicting 
Average Fire Company 
Travel Times 



May be changed in 
dif f ereht Vuns of the^ 
computer program 



The weight is diis cussed 
above, in item 4 * 



This will be illustrated 
in the demonstration 

iVe., the administrators 
liked the resulting ^ 
allocations 



V 

ir - 
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Activity 



References and Notes 



9 . , Q^EBUT 



• The number of companies to be "located In 
^ teach hazard teglon . * 

• The average travel vtime In ^ach region, 
given the r&imber of comipanles allocated 

• . Cltywlde averages 



10*: MATHEMATICAL FORMULATIOil (Optional) - 

ft *>'... " ■ , 

» M « total number of cpmi)anles to be 

' % .allocated In J: he dlty 

• * -■ 

\ ^i ~ number of. companies allocated in 



region x 



A^^ = e/ff ective alaCTi rate in region 1 

h^ = hazard rating for region i 

T^(n^) = average travel time in region^, 
' given n^ companies there 



= c 



c and a are the travel-time ''constant*' 
and "power't ^ . 



* ' A^ = area of region 1 



b^ = average number of qompanies busy in 
region i 



OptlMzation problem : . 

• Minimize \ ^^^^^^^^^^ 

- f ^ 

■ ' -subject to J] n. = M , 

. ^ ' 1 

• 3, is the tradeoff parameter 
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ActivltV 



11; LEAD-IN TO DEMONSTRATION - 

•. Jersey City will be chosen as sin example 



Display map of city 



,* Discuss 



— definition of demand regions 

-- objective was to plan in terms of alarm 
. rates to be expected in the future 



12. DEMONSTRATION 



r 



References and Notes 



Ref . : RjLder and Hausner, 
An Analysis of the De-- 
ployment of Fite-Flghting 
Resources In Jersey Clty^ 
New Jersey 

Figure AF-4 



(Same as hazard regions) 
Figures AF-S/ AF-6, AF--7 



Lecturer operates pro- 
gram on-line or prepares 
printout in advance or 
uses suitable tables 
from Rider and Hausner 
report cited above. 
Table numbers thad fol- 
low refer to this re- 
port 

Reference for operating 
the program: Rider, 
A Parametric Model 
for the Allocation 
of Fire Companies: 
User's Manual 



/ 



ERIC 



259 



-^78- 
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Activity 



RiBf er ences < arid Notes 



12 ^ DEMONSTRATION (continued) 

• Describe "base; case'l sltu^it Ion 



Discuss response times 

Differences between regions 

../Cltywlde average, noting that It 
Is W(|ighte4' by regional alarm 
rates 

. . Average percentage busy 
Indicate re^-atlv^ workloads 

Derive allocations ^for different values of 
the tradeoff parameter 



— Interpret fractional allocations 



— Point out that parameter ^ .25 produces 
good approximation of current allocation 

Find reallocation for parameter » ,25 based^ 
on 1983 alarm rates 

Allocations Jor different numbers of total 
companies 

['O|jtlonall Comparison of different specific 
allocations with the current situation 



^odel 1. '' Interpret 
^/ printout headings, 
j If using pwifcout 

Table 4-1 ' . ' 



Model 3.*, 
Tables A-i, 4-3. 
WARNING: , The . 
"parameter" lii -this 
program is 1/3 

This corresponds 
to B = 4 

Tables 4-4, 4-5 



Tables 4-6,;4-7- 
This is Mod'el 2 



IerIc 
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/ 



Reftlon 


Area 
Sq. Miles 


All 


False 


Nonserlous 
Structural . 


Serious 
Structural 


1 


1.52 


.722 


.403 ■ 


.040 


. .015 


2 


2.82 

/ 


.444 


.137 


.047 


.009 . 


3 


0.85 


.202 


.088 


.027 


.003 


A 


1.98 


.630 


.290 


.094 


.013 


5 


2.59 


.330 


.127 


•03^ 


.007 




Fig. AF- 7 — 1972-1973 alarm rates 
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LECTURE LP 
LOCATING PIRE STATIONS 



Time: A^prox. 70 lAinutes including deponstration ot program 

Objective: To discuss the general problem of locating firq stations, and 
to compare two specific approaches, to the problem. 



Equipment: Portable terminal with acoustic coupler fqr demonstration. 



Activity 




References and Isfotes 



1. INTRODUCTION 



Topic is evaluation of current fire station 
sites, and planning which ones to close 
and/or where to put new pnes 

Discussion may be followed^ by demonstration 



NYCRI treats this question in two stages: 

(a) Obtain ideas and insights from the 
allocation model 

(b) \]he a descriptive model to evaluate 
' specific configurations 

Other approaches perform analyses in one 
stage 



Lecture follows Cjhaptei: IV 
of Chaiken, Ign^l, and 
Walker , DeployiQcit 
Methodology foWli^ 
Departments ' 

Demonstratic^h is op- 
tional. A]^ternatively, 
copies of ^^reviously 
run output can be 
discussed. This will 
cut tim6 of lecture to \ 
50i minutes 



Refer to lecture AF. 
NYCRt » New York Ci-ty- 
Rand Inatitute 



Lecture covers both 
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Activity 


References and Notes 


2'. GENERAL APPROACHES 


Expanding on L-ecture AF' 


1 

• 


Minimize sum. of fire department costs and 
expected fire losses (Including fatalities). 
A worthy objective; some studies have been 
done along these lines In Great Britain* 
Problem: No generally useful way has 
been found to estimate fire losses from 
response times 


Ref * : Hogg, "Station 
Siting In Peterborough 
and Market Deeping 


• 


Minimum average response time* May not be 
a' good Idea, as tends to Indicate greatest 
need for stations In high-alarm areas while 
Ignoring low-fire areas, When choosing 
among otherwise equally satisfactory con^ 
figurations, may be useful 






Coverage. Each potential fire site should 
be within reasonable distance (or time) of 
a fire station. Easy to apply, but too 
simplistic and based on subject;lve 
judgments 


ISO Grading Schedule 



\ 




Activity . / 


References and Notes . 


3. MEASURES FOR EVALUATING ALTERNATIVES ' 


■ *• 


, • Use-surrogate measures for fii^e loss. Give 
I decisionmakeir information on how a given 
configuration will perform using sever^al 
measures of fire prbtection . ^ ^ 


Refer to Lecture OF 

• 

r 


— One configuration will probably not 
dominate another configuration on all 

- •** ^ a o u 1. c o 




— Administrators must subjectively balance 
the measures; they will. also add judg- 
ments concerning hazards and political 
constraiijts 




• Primary considerations: 




— Travel times. Make sure that earh 

" % " lire site Is within a reason- 
able time from a firehouse 




— Hazards. Want to single out somp poVpn- 
j * tial fires as more important than others 
for achieving rapid response 


V 


~ Average res;ional travel times. Useful 
for evaluating relative fire protection ' 
in different areas of a city 

— Fire company workload, Mav want to 

balance workload over companies. Most- 
important when workload is high 


Can use unweighted or 
We i&h t ed aver as ps . 
Weighting can bie by 
total alarms or struc- 
tural alarms 



4* 
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Activlt 



References and ^Hotea 



GENERAL DATA REQUIREMENTS 

■ r ■ . 

• Geographic division 

— ^ Divide city into small subareas^ as 
small as tiie area covered .by a single 
alarm box (real or phantom) , perhaps 
five times this size 



\ 
\ 




^all demand for fire service in 
Libarea arises at onia point. 
Estimates of travel times to any point 
in the subarea will be the same as to 
that point » 

, Find historical (ot expected future) 
fire incidence *in each subarea 

Identify points at which construction of 
a firehouse is feasible. Failure to do 
this will lead to consideration of options 
that are infeasible and impractical 

•» 

Identify those subareas having special 
hazards ^ 

Analysis witt-pay special attention 
to th^se subareas 

Must have^some method for estimating x 
travel tiiiie from any firehouse (existing 
or proposed) to any subarea 

I 

Obtain estimates of capital construction ^ 
costs; and current costs of depreciation,*^ 
operation, and maintenance of existing " 
stations ^ 



Common to most 
appiroaches to f 
house siting 



)... 
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Activity \ 


m 

Ref erenciBS and Notes 


5. ESTIMATING TRAVEL TJMES 




• Method 1. DeveloDed bV Publlf* T^rhnnlngy, 

Inc. (PTI) , . 




— ^ Describe street networlc of city in 

computerrreadabie form. Street inter- 
sections are f^entified as nod^s in the 
network, streets are renrpQpn^«»r1 . 
' cdnnecting links between nodes. Not 

necessary to consider all streets; main 
arterials are adequate 


figure LT"-1 - 

t 


~ Estimate average travel speqd on each * • 
•**-*'***^* Aiiio lucty uc uuiic J. jl om cxperxenceQ 
guesses, traffic surveys, experimental 
trips by fire companies, or from previ- ' 
ously collected response^time data 


i 

i >>, . ^ 


— Estimate time to travel over each link 
using speed and distance 




— Subareas are called fire demand zones: 


the point representing all the proper- 
ties in a fire demand zone is called a 
"^Qcal point 


✓ 


~ Every potential or existing firehouse 
^ an4 every focal point is referenced to 
a node of the street network - 




i.^civt2x txii^e^,..*-f om a xxrBnouse to a 
focal point is estiii^ated by finding the 
set of connecting arcs that form the 
minimum time path ^ 


1 

\ 
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Activity 



References and Notes 



5. ESTIMATING TRAVEL TIMES (continued) 
• Method 2 , Developed by NYCRI 

— Run a "travel-time experiment" showing 
origin and destination for each response 
by fire companies, odometer distance 
traveled, and the time required for the 
response ict 

Data can be collected ^n the units, or 
at the dispatch center if units radio 
I in when departing and arriving 

— Fit a smooth curve to data showing 
actual travel time versus distance 

(a) In some cities, straight line with 
y- positive intercept provides best 

fit 4 

(b) In most, a blend between straigKt 
line and a square-root curve is best; 

(c) Cu^ve may vary in different parts 
of the city afiS at different times 

^' \ of day. But experience has shown 

that neither • effect is large, and 
that approximately the same curve 
can be used for any cjity at ^-all 
times of day ^ * 

— Determine x-y x:oordinates pf existing 
and potential fire station sites on a 
grid map of the city. Determine x-y 
coordinates for the subareas in which 
incidence Wi^l be estimated 

— EstimaV g d istance from stations to 
suba^rSas^rT^^me way, e.g., as siroi 
of X and ^s^iVrat^ce traveled (right- 
angle distan^fe")-v.5r^a modification 

of straight-line (Euclidean) 4is- 
tance- , 

~ Parameters, of fit curve are used to 
estimkt^ tjravel time between any two^ 
pcL^ts, usin^ estitnated distatfce / \;^^ 



ffl.gure LF-2. 
Ref Hausner, 
Determining the Travel 
Characteristics of 
Emergency Service r ' 
Vehicles 



Ref • : Kolesar and 
^ Walker, Measuring th^ 
Travel CharacteiSst^tics 



of New York City^ 
Fire Companies 

Figures LF-3,' LF-4, 
LF-5 \^ . 



Alternatively, can fit 
curve £o data showing 
actuaL^tra*\^l time vs. 
estimated distance, 
and us6 this curve. 
See Hendrick et al. , 
An Analysis of the 
Deployment of Fire- 
Fighting Resources 
in Denver, Colorado * 



Activity 



»Ref erences and Notes 



5. ESmiATING TRAVEL TIMES (continued) 

• Illative advantages of Method 1 ^ i 

■ . \, * * • 

— If road netwdrk has alriaady been devel- 
oped (by traffic deparbment^ for exam- 
ple), this is fastest way to pirpceed 

— Road network, when developed, may be 
useful to other city agencies 

— Barriers to travel (h^lls, railroad 
tracks, rivers,, airports) are automati- 
cally taken into account 

■ — Effects of changes in structure of road . 
network can be 'analyzed in advance (new 
interstate highway, new bridge, closing 
of existing bridge) 

Irregularly shaped areas (peninsulas, 
or cities w%th holes in them, for 
example) are automatically handled 
, accurately , . / 

— -Fire officials may feel -more comfortable 
with a method thatf actually imitates the 
path followed by fire companies, whether 
or not method is actually accurate 

\ • Relative advantages o£ Method 2 - 

— ' Elaborate data base and computer progijam 
not needed ;. lower cost for analysis 

— If road network has not already been 
developed, this method is significantly \ 
faster * , " t 

— If travel times have already been - 
^c^llected (e.g., by UFIRS), this method 
ii^v^ry fast 

•■ « 
• — Parameters for fit curve have been so ^ 
close to, the same values for many cities 
that it may' be possible' to proceed with- 
out collecting^ any' travel-time data 

, — Method ha§ been validated against actual 
travel-time data and has been, found 
accurate ''ejiough for site selection 

— ■ In case of irregularly shaped areas, , 
ad hoc adjustments to method are^ easily 
accomplished , ' 

«The tfavel-tiine, estimates produced by Methods 
l^and 2 have never been directly co^ipared 



UEIRS = Uniform. Fire 
Incident Reporting 
System, developed by 
the ^^ational Fire Pro- 
tection Association 



Activity 



References and Notes 




6. GENERATING POSSIBLE SITE CONFIGURATIONS TO 
EVAI^UATE 

• Met|>od 1. Developed, by PTI 

— Still dn developmental stage; requires 
PTI*s assistance ^ * 

— A maxlmiim travel ^tlme Is specified 'for 

each focal point , 

* . " 

— A set of existing and potential fire- 
house sites Is specified 



A computer prograin determines whether 
any collection of potential station 
locations can meet thq* travel-t^me 
requirements. If so,* It prints out 4 
a solution that requires the smallest 
possible nutuber of sites ^ 

Advantages of Method 1 \^ 

— Procedure is very well defined. Docu- 
mentation provides step-b^-step guide 
to this tasks that must be Carried out 

^to^ V>se the yvogvaxa and provides fot(ps • 
^o^ collecting ,and organizing required 
data 

— Method is potentiallj^;<^ry^ powerful^: 
*If maximum travels times can be "det*er- 
mined, can generate, among the large , 
nupaber of possible configurations, the 
one that meets all requirements with 

^the fewest mpber of fire* cbmpatfies 



Ref.: ''PTI Fire Sta- 
tion Locatiori jPackage" 



4^ 
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Activity 



Reforencos and Notes 



6. GENERATINGJ>0SSIBLE .SITE CONFIGURATIONS TO 
. EVALUATE ^continued)' • ^ 

< ♦ Difficulties with Method 1 

— ^No accepted standards for travei-timo 

constraints ' 

— Once fire officials agree on a set of 
requirements, the resulting number o# 
stations needed may exceed anylreason- 
ably. f oreseeablja budget. Constraints 
must then be relaxed 

— Travel-time requirements corresponding 
^ to existing nuniber- of stations may be 

hard to determine 

«^ 

PTI program may fail to operate, leadr.> 
ing to no solution^ 

— Recommended station configuration may 
• involve idoving many stations, while • 

^ another equally acceptable configura- 

tion (not known) involves moving fewer 
stations. Other acceptable solutions 
(also not knbwn) taay be preferable in 
regard to average travel trime or other 
characteristics 

• Method^ IM . Modification developed by Uni- 
versity of Colorado 



— • Same approach as PTl*s 

— Computer prograiflr-f inds^a conf4.guration 
that meets, the requirement s*^ and -has 
the ^minimal number '^f stations. This 
configuration includes the largest 
.possible number of existing station 
sites \ ' \ / 



Hendrick et al. , 
^^^ An Analysis of. the 
Deployment of Fire- 
Fighting Resources 
in Denver, Colorado 



3 
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Activity 



References and Notes 



^ 



GENERATING POSSIBLE SITE CONFIGURATIONS TO 
EVALyATE (continued) \ 

• Method 2<- . Used by-NY(fRI 

^ — Use allocation model to determine demand 
regions n%©^ng more or fewer. st at jfonB 

; — From a map of the city showing c^xloting 
and potential sitqi3» select several; 
possible configurations that approxi^ 
mate!^ match' desired allocations by - 
region ' , ^ 

^ ~ Use siting model (to be described next)' 
to compart the trial configurations. 
Develop improved trial confdgurations 
-by looking at the r^ults for others 

Virtues and' difficulties with Method 2 

— Easy'to use; fast tfT implement: 7/^ 

~ 'Process of choosing conf igutations 
requires Judgme;ht and ''map sense'' 

— ' May overlook ^ood configurations 



^ Discussed In Lecture 

Re'^uires discussion 
with policymakers.' — 
No computer program 
is involved 
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Activity 



References and Notes 



7. - EVALUATING TRIAL^ CONFIGURATIONS 

NYCRI has a "Firehouse Site Evaluation Model" 
that calculates a set of desctiptive measures 
for any pair of configurations. , Other -re- 
searchers have similar computer programs, 
dif felring only in details 

, * y 

(a) Calculations are based on a number of 
assumptions'V 



All units are always available in 
their firehouses to respond to an • 
incoming alarm (reasonable assumption 
for most cities) " * ^ 

The. closest units are^always dis- 
patched to an alaTm 

• Calculations are performed separately 
for each type of fire-fighting equip- 
ment 

• Travel distances are estimated by' 
right-angle or ^'modified" Euclidean 
distance * 

• Travel times are estimated from 
empirically determined cui 



Ref . : Dormont, 
Hausner, ^^nd Walker, 
Flrehonse' Site Eval- 
uation Model r De^ 
scription' and User's 
Manual 



/-J 



If De is Euclidean 
distance, k x Dg is 
"modified" Euclidean 

* ■ * . 
Discussed above, 

item ^5 - - 



^4 
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Activity 



?• EVALUATING TRIAL CONFIGURATIONS (continued) 

(b) Performance measures 

• For each demand region, citywide, iden- 
tified target hazards, and/or region 
affected by clrpige: average travel time 
and average travel distance 

— weighted by (expected incidence and 
unweighted (each sub area given equal 
weight) 

— first-due, 8e^nd*-due, third-due, 
etc* 

Frequency distribution of travel times 
for each demand region and citywide 

For each company's first-due pespotise 
area: ^ average travel time, mVximum , 
travel time (to farthest aubareSl)^ - 
workload (incideiits/year) , and ^ list 
of the subarea3 . (alarm boxes)^ tbat con- 
stitute the response area (this' infor- 
mation is also availableJor second-due 
areas etc.) . 

Travel time arid travel distance to each 
subarest (alarm box) identified as a tar- 
get hazard ' 



/ 



A list of the subarea6\?i^se first-due 
travel times are improved by^ the change, 
and those whose first-due travel times 
are worse^ plus the alarm incidence at 
each group of boxes and average trave^^ 
« times within<i;each grouft>, both'before and 
after the change ^ ^ ♦ U 



References and Notep 



"Demand region" is \^ 
the same as "hazard 
region" • 



"tncidesnce" can all 
alarms or structural 
fires 
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References%and Notes 


✓ 

8. DATA REQUIREMENTS FOR FIREHOUSE SITE EVALUATTHN 
MODEL - ' 
(Aside f roin general data requirements described 
earlier) ^ / . 


c 


• List of stibareas containing target hazards 




^~ Purpose: to have Rrogram specifically 
Indicate the travel tim^s to these sub- 
areas; . 




— Effect of changes in travel times to ^ 
these subareas 1^ important 


V 


* ■ • ^t^: ■ ' ' ' 
• (x-y) coprdinates for every subarea, exist-: 
ing station, and potential station 


♦ 


<? < 

• , A list of subareas included in each com- 
pany's current response areas 


Basically, the current 
running cards . 


• Parameters of the curve relating travel 
time to travel- distance 

L 

* * . 


Hausher, DetermininR * 
the Travel Character- 
istics of Emerftencv 
Service Vehicles 

L 

\ 

o 
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Activity 




i References and Notes 



DEMONSTRATION OF MODEL 



Be sure to make some change In station 
locations before running program* Other- 
wise the "old" and "new" columns will be 
the same, and there will be no "affected 
region'* 



Preferably, the changes should not be 
elaborate; the point Is not to show 
what the biggest possible performance 
change would be in one city. Suitable 
tests are; 

— Trenton engines * ; 

M E3-8431. 
M £1-2232' 

M E8-2432 . 
0 C«(E) 

^ ( 

— Trenton ladders 

M Ll-2232 / 
' 0 C«(L) 
or 

M Ll-2432 
0 C=(L) 



?ollows ttadsner and 
Jalker, An Analysis 
)f the Deployment 
of Fire-^Flghtlng . 
Resoiifces Iti Trenton, 
New Jersey . Sect ion 
numbers below refer . 
to this report 



Section 4.2.2 



Section 4.2.1 provides 
an analysis of these * 
two options 

To test other changes, 
you need a majp shoeing 
Trenton's alai>^[i boxes 
I 



r 
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Activity 



DEMONSTRATION OF MODEL (continued) 

• Coiranand language « . 

(E can be replaced by L) 

M Enn-iiuninin 

Move engine nn to sdbarea or box mmmm 
[e.g., M ElO-2104] / 

* ^ D Enn ' 



0 



Delete engine nn 
te.g.^ A E12^3510] 



A E-mmmm 

Add an engine at box miranin 
C* . . " 

Clear stack of 'commands 
Cn . _ 

* Clear la:st ti commands 
0 ; D=l or n; L=Y or N; 

W«S or A; R= »(C,D,A,T) 

^ (all on pne line; start with letter 0; 
defaults are underlined; use paren- 
theses as shownj" 



company type: 
or both 



engines or ladders 



D - response level: up to nth-due 

L - box listings, Yes or No «^ 

W - weight by structural (S) or all 
alarms (A) 

R - which regii^ns to produce output for 
C - by Company 

D r by Demand region ^* 
A - for Affected region^ 
T - Target hazards 



^xit frpm program 



Siting model prints results^ side-By-side 
for "current" and "proposed" configurations 

~ Facilities comparisons - , ♦ 



References and Notes 



Ref ♦ : Donnont , ^ 
Hausner, and Walker, 
Flrehouse Site 
Evaluation Model: 
Description and 
User*s Manual 
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Legend: Circles represent nodes at street intersections. Not all streets are represented 
*in the network. : 



Fig. LF-il— Street network concept: nodes and links 
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Fig. LF-4 — Graph of travel rime versus re?pohse distance for Trjenton^^ New Jersey - 




LECTURE SF 



SIMULATIOlS 

FOR fire! Service audieJices 



v.. 



^^.li'me: .,Apprdx\ v50 ntLnutes. * ' a ' ' ' ^ 

Objec^ve: To; describd what a simur^tion mbdel ^oes, iwfeat kin3fer of questions ' 
• _ it can an^er,, when> to use^ it, and what resources are n^e4ed to 

* use it. ■ ' « ' T ^ ' 



Activity 



References and^ Notes 



1. DEFINITION 



Follow each ^incid^^nt st?fep-by-§tep: 

^From occurrence 
— ^ to report to fire department 

— to dispatch of companies n 

— to their arrival at scene and work 
there ^ . 

— to. their return to availability 

Do th^s for a large number of incidents 

— ^ actual incidents, or 

— imaginary incidents generated' by the 
computer to match average st^ftstatics 



r alarm rates, etc, 



Viewpoint cif an "all-knowing" dispatcher who 
keeps track of the location of all ^^.ncicfents 
and companies at all times, but is not con- , 
cerned Tlrith fire-fighting tactics at the"^ 
scene » ^ 

Computer collects statistics on respotise 
times, coverage, workloads 



.Lecture follows Cai>ter, 
Chaikeh, and Ignall, ' 
Simulation Model of FI^q 
. Department Op^atrons: .- 
Executive Summar y ^ 

S6e also, Cartfer and 
Ignall, A Simulation 
Model of Fire Jepart"- ^ - 
ment Operations; ' 
Design £^nd Preliminary. 
Results 
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Activity 



References and Notes 



2. WHY SDIULATE? 



7 



> Accuracy compared to other models (at a 
price) 

'Removes approximatlchis present In every 
simple model^. \ . 

Accounts for Interrelationship among 
policies that can be individually 
studied with simple models 

Safety as opposed to real -world test 

No operational or capital Investment 

— No lives or property risked , . 

^- The model can imagine that alainn rates 

"stay the ^ame" after policy changes ^ 

fiut in the real world alarm rates will 
change / ' 



/DRAWBACKS 



Simulation is/escp^slve to run on the 
computer ; 

Extensive data, collection nedded 

Slmplatlon^ does not suggest any particular 
l^olicy as desirable - ' 

User must be technically skilled ^ 



"Policy" « location 
of stations r dispatch 
policy, relocation 
policy, etc* 



I.e., changes in real*- 
world data may reflect 
changes in alarm rate, 
changes* in policy, or 
both together 



Discussed in detail 
later in this leqture 



ERJC 
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Activity 



References and Notes 



WHEW TO USE A SIMULATION MODEL 

• detailed comparison of complicated deploy- 
ment policies 

'6 . * 

— Number of companies on duty v 
" — Where located ' , . 

— Number of units dispatched to particu- 
lar types of alarms 

— Which unit(s) dispabched '^y^ 
I^en units are relocated (moved up) 

— Which units are moved and where they go 

• Validation of simpBexjMdels, 



which are 



— Cheaper to use 

— Easier to interpret 



Instill confiden^de in administrators that 



final' recommendations will work as pla,r^n6d, 
especially under adverse circumstances 



5. 



WHERE DO THE POLICIES COME FROM, TO TEST ON A 
SIMULATION MODEL? 

• Fire department administrators 

• Planhing personnel 

• Simpler models 



R^f . : Carter, Ignall, 
and Walker, A Simulation 
Model of the New York 
City Fire Department; 
Its Use in Deployment 
Analysis / 



Ref • : Ignall, Koiesar, 
and Walker, Using Simu- 
lation to Develop and 
Validate Analytical Em- 
ergency Service Deploy^ 
ment Models 



See Tomasides quote in 
Carter i Chaiken^ and 
Ignall, Simulation 
Model of Fire, Depart- 
ment Operations; Ex- - 
ecutive Summary , and 
Hendrick et al. , An 
Analysis of the De- . 
plo3mient of Fire- 
Fighting Resources 
in Denver, Colorado 



Lectures OF, AF, LF, 
IF 
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Actlvlty 



References 'and Notes 



HOW 150ES THE NYCRI SIMULATION MODEL WORK? 
• Discuss flow chart 



WHAT INFORMATION IS 



SIMULATION OUTPUT 



Response ilmes/^ 

— Average/and distribution 

— By incident type 

— By/ geography 

Company workloads 
Total 

— By conqpany ^ 
Coverage 



Develop the flow chart 
on the blackboard^ 
writing down each 
event as the Incident 
progressist The final 
result is Figure SF-1. 
Ref . ; Carter, Simu- 
lation Model of Fire 
Departme£t Operations: 
Program Description 



Stress the detailed 
breakdowns available. 
Example output is 
shown on pp. 172-189 
of Carteif, Slmula1:ioh 
Model of Fire Depart- 
ment Operations; 
Program Description 



ERIC 
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Actl'V^lty 



References and Notes 



DATA AND RESbURCES* NEEDED 



Geographical representation of the part of 
*the city to be simulated 



— Incidiant locations 

— Company locations 



/ 



Parameters for estimating travel time of 
every response 

Work timesy^fi different types of incidents 

An input stream of incidents 

~ Actual incidents from the past * 

/■ 

— ^ ££» incidents generated from detailed 
data about alarm rates by type and 
location ' 

> 

Deployment policy 

r- Detailed decision rules for dispatching 
and relocation . ^ 

Access to a SIMSCRIPT 1.5 compiler 

Analys'trs whp can^mo^dtiy the computer pro- 
gram and interpret |:he output 



T. VALIDITY (Optional) ' * 

• De^^il and structure haVeto be sufficient 
\ ' to sulppart insights and conclusions 

• V What matters is 'the ^accuracy o^ comparisons > 
. mt faithfulness to the repl world 

♦ Example*: If all tralrel times dre 10 percent 
high, this should .not make any* difference. ' 
' ^ (On- the other hand^ -it Would b^ easy to, fix) 



Stress the detail 
required, ad compated, 
to other models 



I;e,, a complete math- 
ematical specification 
of the curves in Fig- 
ures LF-r3 to LP-5. 
These may vary in 
different parts of the 
city 
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Activity 



References and. Notes 



10, RECAP ' 

• Computer's job ; do the bookkeeping 

• User's job 

/ • ' 

— Build model: specify how the. system 
works 



— Analyze data: specify the kind of data 
needed (and get it) 

— Select criteria: specify what is to be 
measured 

Find alternatives: specify the policies 
to be tried out in the simulation 



si 
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If too many sent 




If too -few sent " * 



■♦-Triggers 

.dispatch /o fire 
and relocafion 



HALRM 



Relocation 



Relocatees 




, Fig. SF-1 
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LECTURE MF 

RELOCATION OR MOVE-UP 
FOR FIRE SERVICE AUDIENCES 



. * 

Time: Approx. 40 Sil-nutea (demonstration extra) 

Objective: To Indicate difficulties with a system of preplanned relocations 

and demonstrate a method for resolving the difficulties. ' • 
Equipment: Portable terminal with acoustic coupler for demonstration. 



ERIC 
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1. ^INTRODtJCTION: RELOCATION ISSUES 

^ • • When should fire companies relocate (move up)? 

• How many, should relocate? ' 

• Which ones? 

• To where? 

2. PREPLANNED RELOCATIONS ' \ 



• \ Problems at high alarm Tates 




Several '"all hands" fires in one part of 
the city can creat;e a "hole" in coverage 
as big as if there were one second-alarm 
or third-alarm fire 

Company designated to relocate may 
-already be busy at a f ire^ 

Company designated to reptocate may be 
atvailable, but moving it would .create 
another big hole \ in coverage 



References and Notes 
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Figure MF-1 



a. 











n Activity 


' References and Notes 


3- NYCRI APPROACH 

• Answer the #our questions posed in the 
V. Introduction, one at a time ^ 

w 

• Separate (but same) calculations for - 

V \ engii^s and ladders (will use ladders as 
, 'an example) ' . 

Question 1: When should *fire companies / 
relocate? ' 


■ > ' ■ • . 

Follows Kolesar and 
•Walker. An Algorithm 
for the Dynamic 
Relocation of Fire 
Companies 

• , - ... ^ 




Answer: Relocate whenever some location* in; 

city has both its first-due and / 
aecond-^due ladders unavailable, 
and they will be unavailable for / 
a period of time 




— Define a ladder response neighborhood 
(RN) as all points in the city having 
the samq first- and second-due ladders, 
independent of order 




— If both are unavailable, and will b^* for 
„ , awhile, the RN is "uncovered"* 


0 . -» — . 


— Result: Relocate whenever there is an 
, uncovered RN in the city * ' 




— This criterion maintains relative 
spacing of fire companies throughout 
the city (denser in some regions than 

others) "\ 

\ 


. Figure MF-2 


^ Question. 2: How many should relocate? 




Answer: If there are any uncovered RNs, 

fill tfie mjjiimum number of houses, 
needed to remedy the situation 


' Figure MF-3 . * 

' ■ ^' ^ 
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Actlvi'tV t 


References and Notes ' 


3. NYCRI APPROACH (conj|inued) 


■« . / . 


Question 3: Which companies should move?. 




Answer : 


^hoose companies to satisfy four 
general principles 


/ \ 

r ' . ■ 


(a) 

• • ■ 


Don't relocate a company that will 
create a new uncovered RN 




'.(b) 


Don't relocate a company, that is 
"too busy" 


4 




• Firs^-due areas the same siz^ 
tiUL ts axarms arouriu ^fjL 
Same distance to X ^ 


Figure MF-A 




— If move #1, second-^due unit will 
' be the first-arriving utiit in 
the first-due area of #1 






— Similar if move //2 - 


■K 




— More likely to have a fire near 

#2 ' 




t 


— Therefore, prefer to move #1 / 


/ ■ 


(c) 


Don't relocate a company that is 
covering too large a region 


Figure MF-5 




• First-due area of, #1 larger 
Same number of alarms in both 
Same distance to X ^ 






— Average f irst-^ue tra!^^l time 
already higher area of #1 






— If move #1, average travel 
time for second-due company to 
respond to^egion #1 will be 
much highe/r than in region #2 




• 


~ Prefterf o move #2 


• 
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Activity 



-r-References and Notes * 



3. NYCRI APPROACH (continued) 

Question 3 (continued) . 

(d) Doh't relocate a company "too far" 

* Fir^t--due areas of #1 and #2 
the same size 
Same alarm t^ate 
^ #2 is farther ' 

— If VeloSmted, /^2 would be ou}: of 
' its region longer than //I would^ 

. ' ^ ^ . be 

— Therefore, chance of missing an 
alatm in its region.. would be 
higher for #2 than for //I 

— Prefer to move #1 

*» 

Note: Real cases are a mixture of differ- 
ent alarm rates, different sized 
ateas, and different relocation 
distances. Developed a "cost" 
function that ^blends. all these ; 
things ^ 

• Represents the -expected average 
. . travel time for first-arriving 

, unit to alarms in the area af- 
' fected by the moves (areas whose 

first,-due travel times will be 
^ changed) during the duration of 
the moves ' 

^ • Objective: Choose units to move 
that minimize this ^' cost" 

• Note: The cost function assumes 
that whila the companies ar^ re- 
locating they are not protecting 
•either theik own area of their 
des£ination area 



'Figure MF-6 



Question 4 
Anawer : 



Where do the companies move? 



Assign relocating Companies to the 
houses being filled^o as to mini- 
mize the total travel time of the, 
relocating companies^ , 



f "Cost" will be higher than minimum, but 
only slightly v 

• Relocations will "look -better" 



s 



/ 
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DATA NEEDED • ' 

(a) For each flrehouse ^ ' ^ . 

• Number and Identity of units stationed 
there 

^\ 

• List of RNs associated with each of the 
companies 

*i 

Size/ of each first-due area. In scfuare 
miles 

Alarm rate In each flrsfc-due area 

(b) For each RN 

• Size of area In which each of the two 
units Is firVt-due 



Alarm rate In eactv of the two areas 
(a) For each pair ^„ houses 

• Travel time from one to the other 



(d) Parameters for relating travel time and 
area, so that^travel times In each region 
can be estlmiated from their areds 

applicaSili^y 

Method requires a real-time computer to 
make calculation ^bag^d on the actual status 
of all fire companies 

Method can be used to generaite relocations 
to be s^clfled on running ^ardjS, in whlbh 
case it not operated in real time, - (But 
not all/Situations ^requiring a relocation 
are hanplfed well by running cards) 



Shanesy, An On-^Llne 
Program for Fire 
Company Relocation 



RN « reisponse neighborhood 



Refer to Lecture RF 



ure b 



\ 
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References and Notes 



6. DEMONSTRATION OF ON-LIIJe' RELOCATION PROGRAM 
SCENARIO 1 ' 

Thl§ demonstration compares manually developq|| * 
relocations with vhat the pjrogram does^ reveal-^ 
ing that neither way is perfect. Geography 
corresponds to tlie bdrough of the Bronx in iJew 
" York^ City ^ ' 

MICS • ^ 

M=NOVERIFY ^ ^ ' , • , 

E=MNE,MNLiQNE,QNL ■ , ' ' ■ 

• l:R=E63/E6i*,J^39,L32 ' 
.S=l , 

(CR) . . 
2hs^E38,E79,E48,E97,L51 - ' 
. C=EW,LW - " 

DEP2P:D=EW,LW V . 



3:S=E75,E9o!Efe^46 



C=EW,tW 



Q=3 

U=DEP2P 



DEP2C:D=E81,QE63;E43,QE62;E50,QE79;E89,QE9,7; 
" ' L46,QL39;L50,Qt51 . , " 

(CR) , ^ 

N 3C:S=^E75,E90,E88,L37 
. G=EW,LW. 



A sequence of commands 
to the program is shown. 
Interpretation of the 
commands is given in 
Shanesy, An Oh-Line 
Program fbr Fire Coiyany 
Relocation 

Otherwise you need 
larger maps : 

First line of AAC ^ * 
(Figure MF-7)* 



Second alarm 



Situationc is shown 
on Figures mKS, MF-9.' 
Compared to running card 
(Figures l^-l(LdJp--ll) 
the ni:^l)OT of fe^ine^ 
relocations is \smaller 



This is a rei 



lable 



/ - ifSOt 

variant on AAC third 
alarm 

Recommendations shown on 
figures MF-12, :^-13, 
Note that a previously 
empty house is filled 

Let's go back to second 
^ alarm 

A Follow the AAC 



All RNs are covered 

Needs only one, more 
engine relocation'. 
The AAC "anticipated" 
a third alarm 

Exit 
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AAC and maps were 
current in' 1973. 



Activity 


References and Notes 


7. SCENARIO 2 

■ » ^ 




• Invent a sequence of small f iJres that leads 
to a need for relocation " ■ 
* . 

. . ..' ■ ' ' ■ ■ % 
' ■■ * 


Use blank maps for the 
Bronx (Figures MF-14, 
^^IF-i5) or maps for a 
city familiar to mem-; 
bers of the audience. 




^If lecturer has access 
""to on-line relocation 
program, it will rec- 
" omm^nd relocatibns ^ 



> 
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Response neighborhoods 
shaded 



Legend; 47-54 means .ladder 47 is first-due 
and ladder 54 is second- due. A 
response neighborhood corresponds, 
to two ladders, independent of 
their arrival order. 



Fig. MIy2 — Ladder response neighboHiiods in tlie Bronx 

. :. 303', . \ 




306 



-128- 



o 

<0 



o 



o 

3 

yi 

a 
u 


a 

i 


or ^ 

» t 
0,0 




to 
» 

<r-. 




:^ 
/ 

s 

a 

* 


1 t 

2- 
^ IT 

u 


f 


3 

<r 

=r a- 
m - 


f ■. 


Fa 


















• ■ 

•* 




* 

9 


J 






0 

ft 


- * 




d 
o 




r- 








fj 
o 
u 

IS 


r< 
1« 

or 


in 


t- 


f* • 














u 






























\ 


















y 




to 


00 


lo 


or 






<r 
r 


O 
cr 


3 


<o 


1 ■* 






in 


T 


ft 



CO 



' 2 

OQ 



c2 * 



t3 
O 



C 

0) 

c 



D 



/ 



ERIC 



30 



1 



-129- 



Program'^ after 
2nd alarm 




O Fire station with alf ct)mpanies available 

\ - ^ ]5 ^QfTipany has just been dispatched to a fire " 

0 One cSmpany remains ih a station which 

» t ^usually has two companies 

^ • Station is vacant by virtue of a previous dispatch 



O Station is occupied by a relocated unit 

® Station is vacant by virtue of a previouis relocation 

► Dispatch ^ 

^ Relocation 

■ Location of a jire * 
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Fig. MF-8 

300 




LEGEND r 

O Fire station with all companies available 
)8( Company has just been diispatched to a fire . 
0 One company remains in a station whidh" 

usually has two c^panies 
# Statlonf i^ vacant by virtue of ^ previous dispatch 



Statipn is occupied by a relocated unit * 

Station ii" vacant by virtue of a previous reioibtion 

■ -i ' * % 
Dispatch ^ ? 

Relocation • . " 

Location of a fire <■ " 



Fifl.MF-9 
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Running qard 
\ 2nd alarm 




W<7 



after 
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o 

0 



LEGEND: 

Fire station with aircompanies available 
Company has just been dispatched to a fire 
One company remains in a station which. 

usually has two companies 
Station is vacant by virtue of a previous dispatch 



® 



LEGEND : 

Station is occupied by a relocated unit 
Station is vacant by virtue of a previous relocation 
Dispatch 

Relocation - \ • . 

Location of a fire 



Fig.MF-10 
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LADDERS 



Running card after 
2nd alarm 




LEGEND: 

O Fire station with all companies available 
)g( Company has just been dispatched to a fire 
0ine company remains in a'sitation which 1^ 
usually has two companies . 
• Statlo^i is vacant by. virtue of a previous dispatch 



LEGEND: , 
Station is occupied by a relocated unit 
Station is vacant by virtue of ^ previous relocation 
Dispatch 

Relocation ^ ' 

Location of a fire 



Fig-MF-n 
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LEGEND 



O Fire station with ail companies available 
)8{ Company has just been dispatched to a fire 
Of One company remains in a station which 

usually has l^o companies 
# Station Is vacant by virtue of a previous dispatch 



LEGEND 



Station is occupied b^a relocated unit . 

Station is vacant by virtue of a previous relocation 

Dilpatch 

Reijj^cation • . ^ , 

Location of a fire 
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O T Fire .station with . ail jCompanf es available 
•)8( Company has just been dispatdhed to a fire ^ 
^ On6 company riBOjains In a station which 

usually has two companies ' 
^ Station fs vacant by virtue of a previous dispatch 



^ ' r LEGEND : -^ ^. * 

O Sta|tion is occupied Jby a relocated 4inrt 
® ^|atlon is vacant by virtue of a previous relocation 

it Difi&tch ' ; 



Relocation 
Location of a fire 





Fig.MFVl3 
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o 

0 



LEGEND: 

Fire station with all companies dvaijable 
.Com^^py^as just been dispatched tp a ffre 
One /company remains In a station which 

-usually has two companies 
Station is vacant by virtue of a previous dispatch 



LEGEND : 

Station is occupied by a relocated unit j 
Station is vacant by virtue of a previous relocation 
Dispatch ^ * 

Relocation .a 
Location of a ^re c ) 
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LADDERS 




Fire statior^ with all companies available 
Company has just bean dispatched to a fire 
0 One company remains ifTaSit^tlon which 

usually has two. companies 
# Station is vacant by virtue of a previous dispatch 



LEGEND: 

Station Is occupied by a.relocated unit 
Station Is vacant Ipy. virtue of a previous relocation 
Dispatch 

Relocation ' ; ^ 

Location of a fire 
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LECTURE IV 

_ INITIAL DISPATCH ; 

cv * FOR FISE SERVICE AUDIENQES 

Time: Approx. 40 minutes 

dbjlctive: To show the studettts (a) that the history of alarms at an alarm 
bo3c can provide valuable Information for determining the number 
, of units to be dispatched to ^a box; alarm, and (b) that ^Isoraei^lmes 
the closeat unit may not be the bast to send • - 



Activity 



References and^ Notes 



1. INTROnUCTION 



How many should be sent? 

~ Different cities have different policies 

--When alarm rate is 'high, city might want 

. to reduce J.ts normal response to con- 
. / serve resources 

—-\. There is a way^ to do this rationally 

Which \>nes shouid be sent? f 

— Always send closest wjien alarm rate is 
low 

/' ■ 

~ If alarm rate is high, this policy ip 
not necessarily the best 



Lecture follows Chapter 
V 6f Chaiken, Ignall, ' 
and Walker, Deployment 
Methodology for Fire 
Departments 

See also Carter, Ignall, 
and Rider, An Algorithm 
for the Initial Dispatfh 
of Fire Companies 

General ref. J Swersey, 
Model for Reducing Fire 
Engine Response Times 




Activit: 



References and Notes 
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HOW MANY? 

(a) Objectives ' § 

• Try to send what is nc^eded 

• Got all units needed to the scene as 
rapidly as polaible 

• Don't have units malce too many unneces- 
sary responses ^ 

(b) How alarm is received la important 

• Telephone •* receive information that 
helps dispatcher decide ' 

• Box - little information to go on 

- therefore, will restrict discus- 
sion to how many to send to box 

<^ alarms 

■> ' 

(c) When is there a decision? 

'a 

• May want to hold back resources (not 
send full response) if alarm rate ±n^ 
region of incoming alarm is . high enough 
so that the chance of having two alarms 
in progress at one time is not negli- 
gible (say 25%) 

(d) The tradoff : Use send 1 ladder versus 
send 2 ladders as* example 

• Send 1 and need 2: 
--^ second ladder delayed 

increased loss at fire 

• Send 2 and need'l: , t 

— second ladder unavailable for 
another alarm (only Important if 
there is a good probability that 
there will be another alarm while 
It is responding) 

' — -makes unnecessary oresponse 



Ref ♦ t Ignail qtt al^ 
Improving the Deploy-- 
\ ment of New York City 
Fire Companies 



Figure IF-1 
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2. 



f 



HOW limi (continued) 

(e) Approach: Considers u|i to four fictors 

(i) The probability that the incoming alarm 
/ is serious. / 

the greater the probability, \ the more 
units dispatched 

j ~ there are usually predictabie\box-to- 
I box variations in probablXidr Wrious, 
e.g., boxes 2277 and 2209 in\Bfonx 

— this is thefiost important factSpr to 
consider ^ 

- using this factor, can mi)dify ^n- 
^ ing cards^-^dd to manual Idispatch- 

Ing system (e.g., ^YC's adaptive 
response) 

' ^ Ui)^The expected alarm rate in 'the area Lur^- 
rounding^ the alarm / , 

~ the greater the alarm rate, the f 
units dispatct^ed 

~ implies that dispatch policy to the 
same location might vary by time o 
day I 

(ill) The number of units available in the 
area surrounding the alarm 

— the more units available,*^ the more 
units dispatched 

~ if you want to include this factor, 
probably need a computer to keep 
, track of tftatus 

(iv) The workload of the companies involved 
■■ ' * ■ 

, — the higher their workload, the fewer 
units dispatched 



Use a "cost" function to blend all 



(f) Method: 

the factors, then (for example) 

— send 2 if cost is less than cost to 
send 1 

send I'if cost is lower than for 
send 2 



References and Notes ♦ 




Figure IF-2, These 
are*^ extreme cases, 
but near each other 
on the same street 



Ref.t O'Hagan and 
Blum, Jechnology Aids 
Fire Se^ylc^ 



Figure IF-3. If the 
depa^tm.gjxfr*.U8ually 
sends three units, if 
available, that would 
be a bad idea lii this 
example 
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2. HOW MANY? (continued) - ' . h 

: (g) Data needed If U8e,^^all 4 -f^actors In Baking 
* decision ' , ^ 

For each alarm box 

• Ordered list of closest engine and 
ladder companies 

• Estimate o^ the probability that an , 
' incoming alarm from the box signeils 

a serious fir? (estimation procedure 
takes into account alarm history of 
^ box and alarm history of neighboring^ 

boxes),"' 

(11) For each fire-fighting comp'any 

• Expected alarm rate in its first-due 
^ area 

• Number of responses made during some 
historical period 

• Its currjent status (Implies need for 
an on-line computer) 

(ill) Way to calculate travel time between any 
house-alarm box palr^ 



JRef . : Carter^ and 
Rolph, New York City . 
Fire Alarm Prediction 
^ Models; I> 'Box- 
Reported Serious 
Fires ^ 



Refer to Lecture RF 



V 
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Actlvlty 



Y 



^, WHICH? 



\ 



Sending closest not always best. Not 
sending closest can 

~ balance \r7orkload among companies 

— provide faster rasponse to alarms 
Overly simplified example: 

City with 2 companies and a send 1 diispatch 
policy ^ 

Region A - high al£^rm rate . 

Region B low alaVm rate . • 

Fire 1: closest company policy wotild 
^spatch Company a . ^ 

— Suppose Fire 2 while Company a^s busy; 
Company b must respond 

If send b to Fire 1 (near boundary), 
then a is available to respond to* Fire 2^ 
Net reduction in total response time 
(also, better lialance in workload) 

Note: this policy appropriate only when 
overall alarm rates are high 



Ref arencea and Kotes 



Ref.: Carter^ Chalken, 
and Ignall, Response 
Areas for Two vEm ergency 
Units • . • • 



Fi^ure^.IF~4 
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Actlvlty 



4, SCENARIO 



ERIC 



rilustration of" the circumstances under 
which analysis will suggest different 
choices for initial dispatch. The actual 
locations of ladder companies ^d alarm 
rates in various parts of the Bronx were 
used in constrcucting this scenario* 

At the start of the scenario, ladder compa-' 
nies 48, 42, and 44 have been di3||atched 
to serious fires 

An incident i;B« reported liy box aLdtm at box 
2267. Recomnended dispatch i^ two bladders. 
Ladders 17 and 55 are dispatct 



Aiiother incident is reported by box 
atr box 2224 



iil'arm 



Now, because of /unavailabilities in the 
area *and a low probability of a serious 
fire at box 2224,^ the recomm^ndfed dispatch 
is dne ladder " ' 

'\ * 
Ladder 17-2 is dispatched and subsequently 
returns to quarters after finding a false 
alarm at box 2224 ^ 

Now a box fiilarm occurs at "box 2574. Al- ' 
though the closest ladder^ company is busy 
•Cas was the case at box 2224) , the tecom-» 
mended dispatch is two ladders in this case. 
Box 2574 is more likely to have a ser;;Ldus 
fire than box 2224 

At this point, the unavailability of lad- 
ders are as bad as if thete were a third- ' 
alarm fire somewhere between ladder 55 and 
ladder 19. Relocations should be made 

An incident is reported by box alarn^ at box 
2276, which is near box 2267. If reloca- 
tions have not been made, one ladder should 
be dispatched. If relocations have been 
made, two ladders should be dispatched 



References and Notes 
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Bronx— ^borough of 
New York City 

Figure IF-5 



Figure IF-6 



Not shown on maps 



Figure IF-7 



Seje Lecture MF 
Figure IF-S 



The maps were 
current in 1973. 




323 



ERIC 



it 



-144- 



Bronx 


Predicted 


Actual 1970 Dat# 


box 

number 


percent 
structural 
('67- '69 data) 


/ 

Alafrffs 


' Structurar 

♦ 


2277 • 


0.4 


96 


0 


2209 


* 31.8 


94, 


25 



Fig. IF- 2 — Structural 



iNfrepredi 



predictions for two alarm bpxes 



I \ ■ 



0 
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■V 



* - 




9 available 

unavailabIe 
^ location 

' OF FIRE 




/ 



Fig, IF- 3— A problem with the traditionol dispatching poWcy 
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REGION A 
High Alar^ Rate 




REGION -B 

Low Alarm Rate 

/■ , . 


X 

y 






Fire 1 










• 


Company "a" 




Compoay "b" 


X Fire 2 


4^ 


* 



Fig. IF- 4 
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LADDERS 




LEGEND 



O Fire station with all companies available 
jtf Company has just been dispatched to a fire 
0 One company remains Jn a s^tion which 

usually has two companies , 
• Station js vacant by virtue of a previous dispatch 



LEGEND: 

Station is occupied by a reloc«|ted unit 

Station is vacant by virtue of a previous^ relocation 

Dispatch, 

Relocation 

Location of a fire 



Fig. IF-5 — StahJs of Brorwc ladder comfjanies at the start' of th 



e scenario 



Ml. 




o 

0 



LEGEND 

Fir« station with all companies avatlabte 
Company has just been dispatchedl to a fire 
One company Vemaini )n a station which 

: usually has two. compinifSt 
^Station is vacant by virtue of a previous dispatch 



Station Is occkipiM a relocated unit 
StaldorH;»^i(bnt by virt^^^ of a previous relocatiQiV^ 



Dispatch 
Reliction 
Location of a fire 



Tig. IF-i6 — ^Stalus ,bf Brorpc ladder companies after ffox 2267 is disjxitched 
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LADDERS 




LftSEND 



O Fire station with all companies available 

)/( Company ^as just been dispatched to a fire ' 

jg One company remiiin»4n a Ration which ' 

usuallV hds two companies 
# Station is vacant by virtue of a previous dispatch 



LEGEIMD : 

Station is occupied by arelocated unit 

Station is vacant by virtue o{ a previous relocation 

Dispatch V- /\ 

Relocation 

Location of a fire 



Fig JF-7 — Statur of Brpnx ladder companies after Box 2574 is dispatched 
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Running card aFltr 
2nd aicirm 




LEGEND 



M 
0 



Fire station with all compantel available 
Cpmpany has just been dispatched to a i\tn 
One company remains in a ttatfqn which 

usually has two cbmpanfes 
Station Is vacant |)y virtue of a previous dispatch 



LEGEND : 

Station is occupied by a t^tJ^ unit 

Station is vacant by virtut\ora previous relocation 

Dispatch 

Relocation 

Location of a fire 
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Fig. IF-8~ Status- of Brdnx ladder companies at time of relocation 
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* XECTUBB Ay 

m * 

ALIOCAXJON OF miCE PAXitOI, 



Tl»«4 ' Approx* 40 mlnutag 

Ob4«ctlv«: ^Co providt art approicli to iniwiring th« qutitlon of how Miiiy 
patrol cart to fciilgn M ttch cowcwmd by tiour or tour * 



Activity 



Raferancaa and Notaa 



1. ) INTRODUCIION 



Topic if bpw many patrol to aaaign to 
each, coimimd by hour or tour 

'^Coiattahd" la a genaral term fqr an 
^ adminietrativaly separata geographical 
atea of the city t Variously called 
precinct, divisioit, district > tbiit^ 
or area 

A single patrol beat or sector is not « 
. "command*" ^A command can be> character-* 
ized by the fact that if all its patrol 
cars^ere busy, a low-priprit^ call for 
service would be queued 



2,XPRI0RITY STRUCTUBE 



Find out what types of calls are actually 
handled by dispatchers as high priority 
(every effort will be made to'lboate a car 
to send immediately,- even a supervisor or 
out-of-command car) medium priority (if. 
in -queue, will be dispatched asvfast as 
possible), and low priority (can wait for 
dispatch) • ' 

it doesn^t help to think aboutK^hich calls 
should fall in each priority level, unless 
the intention is to change the practices 
of dispatchers ' 




Follows Chaikeni 
Patrol Allocation 
Methodology for Police 
pepartmants t , Chapter 

^III ) 

For nj^veral hypotheti*^ 
>cal examplei^ of policy 
iisuea related to al** 
location t. isa Cha;t,ken 
^and wrmonfe, Patrol 
Car Jk^location Model: 
User's Manual : #^ 



Low-priority calls 
sometimes referred to 
as "nonemergencies" 
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ESTIMAHHP CMA-FOR'-SERVICE WORKLOAD 

• Nttd to know how many c«r-houtft will b» 
requirtd to aerva calls for tarvica In 

„ each priority class In each hour of fch«' 
^ay .('Wkload") N / 

• This can ba done by estiiaatlng the nunbar 
of calls In each class and the service 
tiinas separately, and multiplying these 
together. Or estimate workload directly 

\ from workload data 

• Possible estimation methods 

' . ■ ■ ' , ■ . , r 

_-- • comraerciAlly available cwaputer pro^ 
^rams (a.g., LEMRAS) ; 

~ average over past;, f aw weeks, adjust 
for seasonal trend]^ 

— gra^h and extrapolate 

' Estimates don't have to be super-accurate 
to be useful-. Don't get wound up in try- 
ing to Improve^accuracy of predictions 

Collect data .from dispatcher's positioni 

•Commands found to have unusually long 
service times may have a management 
Ijroblem. Don't j.u^t*«allocato more cars 
tp them - 



Ref era^cet imd, Wdtaa 



"Service timi" is how 
long the car Is out > 
of service handling / 
the call \ 
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Activity 



4* ESTOte "JSXTRA" UNAVAILABILITIES 

•« *vtrtge fractioti/of « carU tour thmt 
fch« car it imavailabie for dlppatch for 
ceaacms other than diapatch to a pravloua 
call 

( ■ ■ 

( ,^ ■ ^ ■ , 

/— - Indudei weals, maintenance, patrol- 
; Initiated activities, arrest process-- 
/ Ing. etc. ^ , , 

' — Include tine lix court if this is only 
i part of a tour . 

f may vary by command. In a given commajtff^-^ 
f may vary with caU-for-aervlce workload . - 

Collect data at Wspatcher's position 

Draw graphs, calcctlate averages 




5. SET LIMIT ON QUEUnJG 

• Fraction of all calls queued 

• Average valtlng time in queue for 

^^j^ middle priority 
— low priority J' 

• Overall average waiting time 



Rafarancaa and No tea 



Refer to Lecture RP 



^ If these are reason- 
ably smelly hlgh-^ 
priority calls will' 
be handled fast 
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Activity 



NUMBER OF CARS NEEDED TO PREVENT QUEUING FROM 
EXCEEDING LIMIT ' 

• Consider 'i. particular cQinmand and a partic- 
ular hoiir of thfe day 

• N number of cars to be fielded (we will 
try dlfferext^ values of N until we f ind the 

i right one)* 

• (1-f )N «■ effective nuniber of cars fielded 

^ (l-*f)N»^u8t at least equal the estimated 
call-for^service workload in car-hours 

• Start with N »■ next integer bigger than 
(workload) /(1-f) - ; 

• See if queuing Is below specified li^ts 
with (l-f)N cars • 

— need graphs, tables » formulas, or a 
' computer program 

• If not, indir^ase N by one car and try again 

• Keep going. The first N that works tell|*^ 
how many cars are needed for queuing pur- 
poses 



7. EXAMPLE 

How many cars are needed to assure that less 
than 10^ of calls are delayed In a command 
having 3';^ car-hours of work per hour and 30% 
of each ^r*s time spent unavailable for rea- 
sons other than calls for service? 



Refer encett and llotes 



To do \ the steady-state 
ibalculatlon, there;nu'st 
actualJV be an Integer 
between \(w6rkload>'" and 
L-f)N 



There are some details 
like averaging over a 
tour^ but this is the 
general idea 



Figure AP-1. 
Answer iS^: 11 units 



V 
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8, OlITERU OTHER THAN QUEUING 

• Set if the valuer of N chosen nbove iu big 
enough so that (1-f )N effective cars give 
reaaonable Valuea for 



average travel tline 
average patrol frequency 
patrol per out aide ctLme 
~ (whatever you care about) 

If not, Increase N until these other cri- 
teria are met 



Refetencea and Nocea 




Sea Leotuire RP for 
formulas, Avtsrage num^ 
ber^f units avaUaMfi 
is fL-f )N - (workload) 



9. 



COMPARE WITH THE SIZE OF THE PATROL FORCE 

• Add the values bf N (found above) across 
cbmmands, or across hours of tlie xJay, or 
both 

• Do you have enough men to field gkat many 
car-hours? 

If no, some constraints must be relaxed, 
or some categories of"^ calls must be 
screened out (no unft Vill respond), 
or the "extra" unavailabilities must be 
reduced by administrative change 

If yes, the extra cars can. be allocated 
to commands or tours so as to minimize 

fcitywide average queuing delay. Or the 
extra cars can be aasigned to special 
activities 



This is just an 
exampjie. You might 
want ito minimize 
average probability. ' 
of a [delay dr average 
resppnse time (queu-;, 
Ing Hj- travel) 
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'Activity 



10* COMPUTER PROGRAM 



Cocjputer program is available to perform 
these calculations 

Descriptive mode ^ User decides how many 
patrol cars are to be on dut|r in each 'com- 
mand during. each tour. Program displays 

Percent of time cars are busy on call- 
f or-service work 

— Preventive patrol frequency 

Average travel time 

Percent of calls queued 

— - Avetage waiting time in queue, by* 
priority level 

— Average total response time 
Prescriptive mode 

(a) User sets limit oh any of the measures 
listed above. Program calculates mini- 
mum number of cars needed 

(b) User specifies total car-hours that can 
be fielded. Program allocates them to 
tours or commands or both so as to 
minimize 

— average percentage of calls placed 
in queue 

— or, average waiting time for some 
priority level 

— or, average response time 



References and Notes 



Ref .s; Chaiken and- 
Dormont, Patrol Car 
Allbcation Modal 



Program permits three 
priority Jevels 

Queuing + travel-^^'^ 



Activity 



References and Notes 



II. DATA NEEDED FOR PROGRAM , V 

• Houti of the day at which tpurs begin. One 
tour can be an overlay 

• Call rates and service tlmea by hour 

• Response and patrol spelids of cars 
. • Nmnbetj of outside crimes 



• Unavailability parardieterB 



12, TYPES OF POLICY ISSUES THAT CAN BE ADDRESSED 

• Number of patrol officers nc^eded to meet 
standards of performance 

Which calls to "screen out" to Improve 
performance levels with fixed resources 

• Allocation by time of day within each com- 
mand 

• P^fSslble benefits of an overjlay tour 

• Where to assign new recruits 

• Deployment of a mobile patrol team (moves 
to different parts of 'the city from week 
to week) 



13, ADVANTAGES 

^ Easy to use, once data are collected 
,• Inexpensive ,l:o tun on the computer 

14. -DRAWiBACKS ' ^ 

••• ♦ ■ 
J*' 

Calculations are approximate 

User must estimate call rates and service 
times for the future ^ * 

■ ' . ' .■ - • ' ■ ■, ' 

• No Inf brmatlon jibout variations within a 
connnand 



Call rates broken 
down by priority 



To calculate nUmbeir 
of crimes that ^111 ^ 
be Intercepted by 
cars on patrol 

These are used to qal*- 
culate f (see Item '4) 



For detailed hypo-' 
thetlcal examples^ see 
ChalHen and Dormoiity 
Patrol Car Allocation 
Model : User 's Manual . 



See Lecture BP 




f - .30 
1-f « .7 
Workload » 3.9 
Workload/ (Irf) - 5.57 



Next Integer 


Effective 
number of 
cars 


' Percent 
of calls 
delayed* 


>^ 


4.2. 


86 


7 


4.9 


56 


8 


5.6 


36 


9 


6.3 • 


22 


10 


7.0 


12.1 




7.7 


7.3 


Stop. 







From tables, gicaphs, or computer pro- 
gram.^ 



FigVAP-l— Example of allocation calculation 
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LECTURE BP 



BEAT DESIGN 
FOR POUCH SERVICE AUDIENCES 



This is an optional added tojplc for Lecture AP . 
^Tlme: Approx. 15 minutes 

Objective: To describe an approach to designing police patrol beats or 
sectors 



Activity 



References and JWotes 



1. INTRODUctlON 



Topic Is how to design patrol beat|3 or 
patrol sectors: the areas covered by a 
single patrol car' 

The nuznber of patrol beats In a coinmand Is 
determined from the allocation analysis 

Therefore » beats may change by time of day 



2. RULES OF THUMB 



Shape of sector doesn't matter much« as 
long as It *s compact 

If travel speeds differ In two directions* . 
the Iging dimension of the sector should be 
In the direction of the higher speeds 

If beats don't overlap » the fraction of dls^^ 
patches that are Interdlstrlct (across bjaat 
bqundarles) Is at least as high as the frac- 
tion of time the average unit Is unavailable 

Unit's workload Is not equal to the worki^ad 
generate^ In Its beat 

Burden of central location 

— Shaded parts of the command have many 
calls for service 

— Number of calls for service Is not high 
In the center 

-T- Car In the center Is very busy because 
It Is the dlapatcher ■6 ||iecond choice for 
all the l?usy beats 



Genei^f I ;ref 6 . : Laraibn, 
Hyper cube Queuing Mbdel: 
UsierVs^Mahual i Challtien » 
Hyper cubV Queuing Model : 
Executlv'e^^Summary 

That if.S j use Patrol Gaji: 
Allocation ^j^odej befoye 
designing beats , T 



Ref*: Latson, Measuring 
the Response Patterns 
of New York City Police 
Patrol Cars 

Because of Interdlstrlct 
dispatches 

Figure BP-1 



Activity 



References and Notes 



3. HYPERGUBE jlODEL 



Permits ^Iciilatlon of perfomance char- 
acterftstlcs for trial beat desigiiSp You 
have to work out the trial, designs; program , 
doeari^t help 

' ' . • ■■ ' ' ' " . ■ ^ 

Required data 

' 1? 

Divide city, into smiall areas (smaller 
than a beat) 

~ Call-for-service data for the small 



/ areas 



— ^; Some way to estimate travel times 
between small areas 

• • coordinates of ceAters 

.experimental trips 
. . estimates of local, officers 
computerized road network 

Performance jmeasures calculated for each 
beat de^^ign 



Regionwlde average travel time 
Reglonwlde wo^load imbalance 



Fraction of dispatjches that are inter-- 
district 

Workload of* each putrol car 

Average travel time to particular loca- 
tions 

Average travel time in each beat y 

Average travel timej of each patrol cm 

Fraction of responsjas in each beat 
handled by the beat* s asjsigned: car 

fraction of each car's responses that * 
take; it out of its beat 



4. EXAMPLE OF APPLICATION 

• First map and table show original design 
of beats (called sectors) 

• Second set shows final design 



Later versions of 
program aire being' 
designed to recom^ 
mend "opt imal" beat 
designs 



From Larson, 
"lilustratiye Police 
Sector Redesign in 
'District 4 in Boston" 

Figures BP-2 to BP-5 



mm 



" 1 Activity ' \ . 


References and Notes 


5. ADVANTAGES 




• ISaay to uae^, after data, have b 

Can handle overtapplng hedta, sergeant *s 
cars, fairly compUcated dispatching poll- 
■ cies- ' ■ 


•; ■ •;: '• , "S. .■; ^ ' \. - . ; . V. 


• Inexpensive to run on a computer ^ 




' > ■ ' ft • ■ • 
6, DISADVANTAGES . 




^ Assumes one cfar dispatched to ea ch Inxildent 
o * Not wel^ suited to handle priorities 










■ ' i ^ ' ■ ■ 


■ i ' 

■ i ■ • 









- 'I 
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Reg ion-wide average travel time = 3.402 minuter 
Average travel time for queued calls » 5. 178 minutes 
Fraction of dispatches t.hat are cross-sector = 0,485 



Profile of Patrol Unit OpeVations 



4 

Patrol 

Unit NO. 


Workload 


X of 
Mean 


Fraction of Dispatcnes 
Out of Sector. 


% of 
Mean 


Average 

Travel 

Time*' 


1 


0.519 . 


ioa.8 


0.539 ^ 


"^111.3 . 


-3.432 


2 


0,559 


111.7 


0.576 . 


11 8.7* 


3.378 


3 


0.496 


99.2 


0.477 


98.5 , 


3.090 


4 


0.490 


98.0 • 


0.426 


. 87.9 


, 3.180 


5. 


» 0.428 


85.7. 


0.373 


77.0. 


3.978 


6 . 


0.507 


101.5 


0.487 


100.4 


3,414 



Profile of Sector Operations 



Sector 
Number 


Fraction of 
District's 
Total Workload 


% of 
Mean 


Fraction of 
^ Dispatches that are 
Cross-Sector ■ « 


Average 

Travel 

Time 


1 


0.160 


96.2 


0.503 


3.312 


• 2. 


" 0.172 


103.6 


0.542 


3.1^0 


. 3 


0.166 


99.7 , 


. 0.480 


■* 3.324- 


, 4 


0.178 


106.9 . 


0.474 


3.258 


5 


. 0.152 


' 91.3 


0.412 


4.218 


6 • 


0.17Q 


102.4 


0.491-^ 





Rg. BP-3 
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Mtxlmum woVkloid imbaTance » 5.48J5 ! 
Reglonwlde average travel time ^ 3.4f6 minutes . 
Average travel 'time for queued calls » %«i7a minutes , 
Fraction of dispatches that aris cross- sector^= 0.483 

Profil«\)f Patrol Unit Operations 



Patrol ; 
Unit No. 


workload 


X of 
Mean 


1 " i-r. 1. ■ — , 

Fraction of- Dispatches 
xOut of Sector 


X of 
Mean 


Averaige 

Travel 

Time 




• 0.499 


99.7 


0.495 


102.5 


3.222 


"2 . 


0.512 


^02.4 


' ' 0.611 


126.6 


3.3T8 


3 


0.497 i 


'99.4 


0^479 


99.3 ^■ 


3.192 


4 


0.502 


vldO.4 


0,453 


93.7 


3.174 


5 


0.485 


97.0 


■0.398 


82.3 


4.074 • ' 


6 • 


0.505 


100.1 " 


0.456 


94.5 


3.612 



Profile of Sector Operations 



Sector 
Number 


Fraetiop of' 
Distriofs 
Total Workload 


% of 
Mean 


Fraction of 
Dispatches that are 
Cross-Sector 


Average , 

Travel 

Time 


1 


0.162 


97.3 


0.492. 


. ?.958' . 


2 


0,132 


79.0 


0.496 


2.886 


' 3 


- 0.166 


99.7 


o'.481 


, 3.234 


4 


0.178 


106.9 


0.486 


3.204 




0.183 


109.8 


0.468 


—t — : 

4.524 


■ f 


0.179 


107.3 


0.488^ 


3.534 
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